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the nature states coma, stupor and confusion following 
injury the head leads immediately the problem represented the 
word “concussion.” This word has been used for very long time, be- 
ginning apparently with Berengarious Capri and Ambroise Paré (Mal- 
gaigne, 1840) the sixteenth century, who speak concussion 
commotio cerebri describe the effects injuries the brain without 
fracture the skull. the next century Boirel quoted (Duplay, 1868) 
calling attention “commotio” and distinguishing from other 
BRAIN—VOL. LXIV. 
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traumatic cerebral disorders reason its being such small intensity 
and short duration not permit the possibility there being cerebral 
lesions. this sense still used many even to-day. Others have 
defined more closely terms loss consciousness, for example 
Trotter (1924) uses indicate essentially transient state due 
head injury, which instantaneous onset, manifests widespread 
symptoms purely paralytic kind, does not such comprise 
any evidence structural cerebral injury, and always followed 
amnesia for the actual moment the comes inquiry 
into the mechanism this cerebral condition, one finds the most varied 
explanations the literature. 

Many observers have maintained that concussion the brain can 


occur without cerebral lesions. Koch and Filene (1874) found that animals 


could killed repeated small blows the head without there being 
any structural injury the brain, and they enlarged the vaguely 
expressed notion Hunter (1786), Gama (1830) and others that concussion 
was due the shaking nervous structure, and not any structural 
defect. They claimed that repeated small blows paralysed the respiratory, 
vasomotor and pupillary centres one one, and that concussion was thus 
generalized effect all centres. Littré (1705) credited with first 
describing negative autopsy findings case fatal head injury, thus 
supporting the existence commotion distinct from contusion 
hemorrhage the brain. Abernethy (1825), Hutchinson (1877), Berg- 
mann (1880) and others supported this view that traumatic disorder 
the brain may occur without there being vascular lesions. The extensive 
literature the subject ably reviewed Bergmann. Lastly 
(1927) reports analysis 512 autopsies death from head injury and 
found laceration and bruising the brain entirely lacking” sixteen 
cases. 

the other hand Fano (1853), Hewitt (1861), Bryant (1888), and 
others considered that prolonged symptoms and death from concussion 
were always related the presence hemorrhagic lesions. They held 
that concussion minor degree cerebral contusion. Areas very 
small petechial hemorrhage the brain and brain-stem after fatal head 
injury are first described Richard Bright (1831). Duret (1878) demon- 
strated the frequency such capillary the medulla from 
single fatal blows the head men and animals. Schmaus (1890) claimed 
that any concussion the spinal cord was associated with petechial 
hemorrhages. Berner (1930) confirms the frequent finding petechial 
hemorrhages the brain-stem and considers them important the 
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genesis symptoms concussion. held many that these small 
vascular lesions had been overlooked fatal cases which hemorrhage 
had been observed. Most authors look upon them the effect rupture 
small vessels, but Ricker (1919) has proposed that the primary change 
vascular stasis with then diapedesis. The subject was reviewed 
Jakob (1912) who failed find them animals periods seven 
days after head injury, and considered the hemorrhages event 
secondary necrosis nervous parenchyma. Scagliosi (1898) found wide- 
spread changes nervous tissue attributed glial damage, and Jakob 
nerve cells and fibres, unrelated hemorrhages. (1940) 
recent review inclined minimize the importance and 
attribute the nervous lesions cedema. Schaller, Tamaki and Newman 
(1937) and Schaller (1939) found deep petechial common 
after fatal human head injury. experiments striking the moving 
head the albino rat fixed object these authors recently (1941) 
report petechial hemorrhages and other histological evidence prolonged 
vascular stasis all concussed animals. They are, however, like earlier 
authors, reluctant explain concussion entirely terms the hemo- 
rrhages and propose basis cerebrovascular stasis with resulting petechial 

The stasis and hemorrhages, they maintain, may benign 
and reversible, severe and necrobiotic, according the severity the 
injury, but each case differing from localized cerebral contusion 


effusion. 

There therefore general tendency explain histological changes 
the basis primary vascular damage and, whether petechial 


are considered the basis the symptoms concussion 
not, regard them evidence the presence vascular mechanism 
for the disorder function. 

the latter half last century much speculation and many experi- 
ments were made order explain contre-coup injury, and the mechanism 
distortion and fracture the skull. (1873) demonstrated the 
momentary deformity the skull produced injury, study the 
mark left skull, blackened charcoal, the surface was made 
strike. Stromeyer (1864) considered that concussion was due flatten- 
ing the vault the point struck, causing passive expulsion blood from 
the cerebral capillaries, and momentary cerebral anemia. This view was 
later taken numerous authors, and one form another has 
appeared surgical writings the present day. modified form 
was elaborated Kocher his monograph 1901, and his view 
essentially that now widely held. Kramer (1896) showed transitory aboli- 
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tion respiration animal struck heavy blow the head supported 
hard surface, and demonstrated rise pressure within the dried 
skull the distortion this type blow. Kramer and Kocher therefore 
believed that concussion was due momentary compression the brain, 
which compression, exerted. the cerebrospinal fluid, collapsed the cere- 
bral vessels the same way does artificial rise intracranial pressure. 
Kocher (1901) therefore speaks der akute Hirndruck, die Hirnpressung 
and Hirnershiitterung, one and the same thing. Scott (1940) has recently 
estimated optical method, not entirely free from overfling,” that the 
intracranial pressure the supported head the dog may rise momen- 
tarily the neighbourhood 300 mm. mercury when struck heavy 
blow. shows that such brief but severe changes intracranial pressure 
may account for loss consciousness for periods five minutes. 

not clear that such deformity the skull would arise when the 
unsupported head struck. Kocher considered that this case there was 
mass movement the brain, previously postulated Gussenbauer 
(1880) which would have the same effect. Ferrari, working 
laboratory, showed that small glass threads buried brain tissue could 
fractured the flinging movement the brain following severe blow 
the head. contribution his monograph two other pupils 
Kocher, Maasland and Saltikoff, showed that sudden rise intracranial 
pressure caused cessation respiration and the heart beat: they required 
use, however, high pressures kg.) exerted the bare dura the dog. 
Blanching the cerebral cortex this high degree cerebral com- 
pression, was observed directly animals Beck (1865), and Cushing 
(1901), through glass window the skull: the surface the brain 
became pale and without movement. the pressure was released the 
animal became conscious, the vessels filled again, and respiratory move- 
ments became visible. was therefore held that momentary blow caused 
cessation cerebral circulation, momentary though Kocher 
considered that any lasting effect was due contusion, flattening small 
blood-vessels being sufficient cause rupture vessels, petechial 
rrhages, and thus depriving the same areas circulation for longer period. 
Meanwhile cerebral surgeons and pathologists had noted venous con- 
gestion and high pressure following head injuries without gross lesions, 
and writers such Courtney (1899) proposed that paralysis cerebral 
vasomotor nerves with cedema the brain were the cause the prolonga- 
tion unconsciousness, coma and sometimes death. This hypothesis was 
criticized Cannon (1902), who pointed out that such vascular paralysis 
was without meaning terms known physiological mechanisms. This 
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hypothesis is, however, still upheld some writers to-day (Courville, 
1937). Cannon thought that cedema after head injury was due the 
increased osmotic pressure necrotic cerebral tissue. 

will thus seen that all hypotheses explain the mechanism 
concussion any means than direct damage the nerve cell return 
postulate primary vascular alteration which there direct 
evidence. Witkowski (1877) reported simple but crucial experiment 
which appears dispose the importance vascular changes con- 
cussion. found that frog, which after removal the heart, continued 
show spontaneous movements and right itself, could still stunned 
blow the head, and would then lie motionless for many seconds 
before movements returned. 1894 Polis had published extensive 
investigation into the vascular changes experimental concussion and con- 
tusion, and had established number important facts which have since 
been overlooked most writers the subject, until the comprehensive 
review published Duret 1920. Polis showed that concussion the 
rabbit, cat and dog, whether produced one single blow, repeated 
small blows, was accompanied arrest respiration and large rise 
blood-pressure, and that arrest respiration could immediate 
cause death. found that, after repeated small blows had caused 
rise blood-pressure and deepening respiration, coma and death ensued 
from sudden onset paralysis the respiratory and vasomotor centres, 
often without naked-eye lesions. held that the occurrence lesions 
increased the gravity the situation, but that the primary cause death 
was the same, namely loss equilibrium the bulbar centres. 
confirmed the common occurrence slowing the pulse from vagal 
stimulation, previously noted Duret (1878), and the rapid small pulse 
from complete paralysis the vagus fatal injury. 


work Polis discounts the importance Duret’s lesions the 


cause death and establishes the occurrence direct traumatic damage 
nervous centres without demonstrable lesions. 

The experiments Polis and Witkowski were repeated Miller (1927), 
and confirmed their findings. showed that rabbit cerebral 
for periods seven seconds does not cause loss con- 
sciousness judged the reactions. also showed that 
rabbit could concussed and recover without damage the nervous 
system judged intravitam staining trypan blue the subsequent 
five days (which should stain any dead tissue vascular lesion). Polis 
(1894) made experiments the circulation the brain, but the results 
were conflicting. maintained that increased venous outflow during 
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and following experimental concussion indicated paralytic dilatation 
cerebral arteries, whereas fall the pressure the circle Willis 
after milder blows indicated arterial spasm. considered traumatic coma 
due these changes. far are aware other direct observa- 
tion the vascular changes has been made. 

nature transient loss cerebral function following blow 
the head has therefore excited much speculation directed first the 
establishment disturbance function without hemorrhagic lesions, 
and secondly the extent which concussion alone accounted for the 
prolonged coma severe head injury. Whereas the experiments stun- 
ning animals Witkowski, Polis and Miller appear establish the first, 
many authorities clinical surgery doubt the existence man con- 
cussion without basis. the various hypotheses 
propounded account for the disturbances, that which presupposes the 
existence localized contusions the cerebral cortex brain-stem still 
fails account for the generalized phenomenon traumatic coma and 
stupor. Cases generalized petechial such were reported 
Cassasa (1924) and Osnato and Giliberti (1927) are extremely rare and 
are usually associated with loss consciousness after lucid interval. 
There high probability that the lesions then represent early stage 
fat embolism, which was fact found some the cases. Schaller, 
Tamaki and Newman (1937) have found true traumatic petechial 
rrhage the corpus callosum and basal ganglia high proportion 
fatal cases head injury, but Rand and Courville (1934) have demon- 
strated, the damage nerve fibres each such hemorrhage very slight. 

Hypotheses based disturbance vascular supply rest highly 
theoretical basis though they raise important therapeutic issues relation 
and congestion. The remaining hypothesis molecular, intra- 
cellular disorder unsatisfying its abstract terms and lack relation 
any specific function structure. 

transient traumatic disturbance established the absence 
lesions some further definition terms nervous function, and 
terms the adequate stimulus required elicit it, necessary. The 
only criterion far accepted without lesion. Recovery experi- 
mental concussion reported rapid and complete. Thus there 
satisfactory basis for the common result head injury man where 
coma stupor prolonged for some hours without there being evidence 
increased intracranial pressure. Even when the intracranial pressure 
measured lumbar manometer increased after severe head injury 
man, the reading seldom exceeds 300 mm. water, and never approaches 


4 
4 
q 
| 
| 


EXPERIMENTAL CEREBRAL CONCUSSION 


the blood-pressure level which Leyden (1866) and Cushing (1901) 
found necessary experiment produce respiratory failure. 

Ever since the time John Hunter there has been suspicion that 
whatever the nature concussion, that something may have importance 
more severe injuries. When there depression bone, extravasa- 
tion,” says, the symptoms concussion are lost, though they may 
the bottom all.” Savory (1869) writes: Death due the shock 
the violence rather than the lesions.” 

—<With the development clinical recognition epidural, subdural and 
intracerebral hemorrhage attention has naturally become focused these 
conditions, especially where surgical treatment practicable. But there 
remain many cases, Jefferson (1933) has emphasized, where death, 
especially the first twenty-four hours, not adequately accounted for 
the lesions found post mortem. There are cases record when death 
after periods three days has occurred without visible cerebral lesion 
(Hutchinson, 1877). There also the problem prolonged confusion, 
disorientation and disordered intellectual function with altered electro- 
encephalogram, without evidence focal lesion. Our extended contact 
with these phenomena military hospital devoted head injuries led 
inquire into their mechanism. 

have approached these problems attempt define concussion 
more closely. Our method has been animal experiment. Though this 
gives only indirect evidence the effect concussion and contusion 
states consciousness, and cannot pretend solve the whole problem 
traumatic coma, there emerge general principles which, hope, clarify 
the issues relating stimulus, disturbance function, intracranial 
pressure and vascular factors. preliminary note was published early 
the investigation (Denny-Brown and Russell, 1940). 


Except where the decerebrate preparation has been used, the animal has been 


intraperitoneal nembutal until killed the injury, bleeding 
the end the experiment. Two animals were anzsthetized open ether 
throughout order control the effect nembutal. The animals used have been 
cats, dogs (two experiments requiring the use the internal jugular vein), and 
monkeys (Macacus mulatta, and one green monkey). 

Records were made kymograph mercury manometer for blood-pressure, 
balloon under wide band fastened round the chest for respiration; and for intra- 
cranial pressure, small metal piece was screwed into trephine drill opening 
the parieto-temporal region the skull, and connected delicate tambour. 
the early experiments the skull piece was mm. wide and tapered fit trephine 
opening, but this tends loosen and leak with the effect the blow. Later 
used smaller brass piece mm. diameter with flange and rubber washer, which 
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was threaded screw into drilled opening the bone, tapped with corres- 
ponding thread. Air was introduced into the system pressure cm. 
water (average cerebrospinal fluid pressure cat lying horizontally), that 
effect the record was the pressure small extradural volume air. This 
extradural pressure could raised reduced required, and was sensitive 
such procedures occlusion the veins, occlusion the vertebral 
arteries when the carotids had been tied (see figs. 29, 21, and 22). This method 
recording gives faithful record rising intracranial pressure only 
point when all the extradural air has been driven into the tubing, and the dura 
occludes the metal opening. some experiments the dura and arachnoid were 
opened below the skull opening, and fluid level established the tubing, thus 
allowing free flow cerebrospinal fluid into the tubing pressure increased. With 
this method greater pressures were recorded, and, liable lead air 
locks, reverted the previous method, the sensitivity being controlled observ- 
ing the effect jugular compression. 

Records limb; intestinal and kidney volumes were made the usual plethys- 
mographic methods with air tambour. Records venous outflow were made 
drip recorder consisting wide tambour the centre which the drops 
fell from nozzle placed the level the vein. The tambour was connected 
second recording tambour. 

many experiments the vagi were sectioned, for the blood-pressure curve after 
concussion then assumed purer form. The blood-pressure was first taken from 
cannula the femoral artery order not disturb the cerebral circulation, 
but later experiments both carotids were usually tied and one was used for the 
blood-pressure cannula. The internal carotid arteries the cat are small that 
their occlusion had appreciable effect. 

view clinical experience referred later was considered essential, 
causing concussion, that the animal’s head should subjected sudden change 
velocity. For this reason discarded the method, used many workers, 
striking downwards the head supported table. Further, was considered 
that some means repeating blows given speed and momentum was desirable. 
For this purpose devised pendulum. The first model used was light steel 
tubing screwed ball-bearing axle (bicycle hub). The length the pendulum 
was one metre. Its natural speed was increased the attachment kg. weight 
the shaft only cm. from the axle. The blow was delivered the pendulum 
passed the lowest part its swing, horizontal direction. The speed 
striking was controlled the height from which the pendulum was released. 
The actual speed and momentum striking for various amplitudes was calculated 
for Mr. Black the Oxford School Engineering. 

The work monkeys was carried out with Dr. Zuckerman connection with 
programme investigation for the Research and Experiments Department, Ministry 
Home Security. For this work were later able use faster pendulum based 
the same principle (fig. A). was also made rigid steel tubing, tapering 
brass striking piece, and weighted proximally heavy iron discs slung eccen- 
trically ball-bearing axle. The speeds and momentum for the various ampli- 
tudes swing were calculated. 

these pendulum experiments, metal stop (fig. was placed that the 
pendulum was arrested cm. beyond the point which struck the animal’s head. 
The head, having taken the motion the pendulum, was brought rest after 
further cm. movement soft wool padding shaped wooden block 
fig. 1). 

blow was delivered usually the occipito-parietal region the skull, for 
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the cat and dog this region the skull thicker and less liable fracture. 
Experiments with frontal and temporal blows, and one experiment blow the 
jaw, did not give results any way different from occipital injuries, though they 
required slightly stronger blow induce concussion, was found Polis and 
Duret. 


For many experiments was found more convenient strike the animal the 
occipito-parietal region with hammer with long wooden handle and head 
weighing 120 grm. was estimated that speed striking ft. per 
second could obtained this means. For this type injury the animal’s head 
was held off the table either the ear piece string threaded through the 


scalp. 
(1) Criteria Concussion Animal Experiment. 
The common criterion the existence concussion the occurrence 
brief loss consciousness directly following blow the head. 
animal, the presence absence consciousness matter for con- 


jecture, and few experimental animals can give immediate and reliable 
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Fig. 


test responses highly integrated type, can human being. More- 
under experimental conditions which require the registration blood 
pressure, &c., necessary throughout. Polis has described 
the rise blood-pressure and inspiratory spasm the moment struggling 
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animal stilled head injury. found early our experiments 
that abolition the corneal reflex, and abolition respiratory irregularity 
useful criteria, the following experiments will show. found 
that relatively slight blow the head the lightly animal 
would cause inspiratory gasp, respiratory irregularity and often slowing 
the heart, without stilling any spontaneous movements changing 
postures which might present, and without altering the corneal reflex. 
very heavy blow the head, the other hand, could kill the animal 
abolishing respiration and causing fall blood-pressure. fig. 
the effect two such blows shown the nembutalized cat, which 
conditions are simplified ligation both carotids and section both 
vagus nerves. will noted that after the fatal blow jerk the limbs 
now occurs with the blow, followed spasm extension five seconds 
later, then complete flaccidity. Between these two extremes lies the effect 
blow moderate intensity which causes effects lasting five ten 
minutes but with complete recovery. record blow, earlier 
the same experiment, shown fig. Respiration abolished for ten 
seconds with gradual recovery, there steep rise blood-pressure with 
gradual decline, extensor spasm the limbs occurs with the blow, and 
again more prolonged form twelve seconds later. The corneal reflex 
abolished for sixty-five seconds becoming gradually brisk the following 
two and half minutes. The pinna reflex, twitching the ear 
when the interior the meatus touched, was brisk just before the blow 
but was not obtained again until six and half minutes after the blow 
when was again regularly elicitable. 

The condition documented fig. therefore comes within any defini- 
tion short lasting but profound nervous disturbance from trauma the 
head. The animal from which these records were obtained was killed 
bleeding the end the record shown The brain showed very 
small contusion the vermis the cerebellum and subpial hemorrhage 
around the cervical spinal cord. ventral view shown fig. 35, Plate 


Fic. nembutal 0-032 grm. per kilo, both carotids ligatured 
and both vagi sectioned. Respiration above (inspiration upwards all figures), 
carotid blood-pressure below. The arrows indicate the application hammer 
blows the occiput, with head loosely held. The first blow moderate severity, 
the last great severity. the bottom the figure two spikes mark extension 
the hind-limbs with and after the blow. Time marked this and all figures 
intervals ten seconds. 

Fic. 3.—As fig. earlier the same experiment, show the effect blow 
moderate severity. The corneal reflex was first obtained, very sluggishly, cs, 
better and briskly cb. The pinna reflex returned 100 seconds after the end 
the tracing shown. 
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Small punctate hemorrhages the posterior horn grey matter the 
first and second segments the spinal cord were found section. There 
was other lesion found after careful sectioning the fixed brain. These 
lesions were presumably due the last blow fig. though course 
they may have been present after the blow shown fig. 

simplify our problem included the absence any hemorrhagic 
lesion careful section the brain, brain stem and cervical spinal cord 
and absence fracture the skull basic criteria experimental con- 
cussion. section this paper the disturbance caused vascular 
lesions discussed, and will seen that fact the phenomena 
concussion may coexist with them. 


concussion, thus defined its profound effect respira- 


tion and blood-pressure, corneal and pinna reflexes, and absence 
lesions, may fatal outcome. record with partial recovery 
respiration, and complete failure two and half minutes after the blow, 
not revived artificial respiration, shown fig. Here also both 
carotids were tied and vagi sectioned. The corneal reflex first absent, 
returns forty seconds after the blow, and begins fail 165 seconds later. 
The knee-jerks, feeble after the extensor jerk with the blow, become very 
brisk the asphyxial stage failure. The delayed spasm extension 


Fic. 4.—Cat, nembutal 0-022 grm. per kilo, showing respiration carotid blood- 
pressure intracranial pressure and tension quadriceps muscle Heavy 
occipital hammer blow marked arrow. series knee-jerks elicited 
intervals. The corneal reflex returns again becomes sluggish and absent 
The pinna reflex, previously brisk, did not return. Artificial respiration 
Time intervals ten seconds. Intracranial pressure scale icp cm. water. 

Fic. 5.—Cat, nembutal 0-032 g.p.k., deeply anzsthetized. Three successive 
occipital blows, each 28-4 ft. per sec. are given. The tracing below the blood- 
pressure (femoral) the volume loop intestine (increase upwards) 
The corneal reflex was lost for few seconds after each blow. 

Fic. 6.—Continuation the record fig. after five and half minutes, 
showing the effect two further identical blows, each abolishing the corneal 
reflex, without recovery after the last blow. 

Fic. nembutal 0-029 g.p.k., with very brisk reflexes. Respiration 
carotid blood-pressure sp, and intracranial pressure 1c. Occipital hammer blow 
suspended head arrow. the first signal the corneal reflex first returns, 
and four seconds later all pinna reflexes returned once. the pupils 
slowly dilated, and slowly contracted pc. Time intervals ten seconds. 

Fic. 8.—Cat, ether anzsthesia. Respiration, femoral blood-pressure, and 
intestinal volume iv. show the effect two identical blows (at arrows) the 
vertex 28-4 ft. per sec., the head being held tightly against rigid iron support for 
the first, and being allowed move being struck the second. The 
corneal reflex was not affected the first blow, and was absent and did not 
return after the second. Artificial respiration all limbs 
disturbed the oncometer after the last blow. 
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here absent. lesions were found, either careful section the 
fixed brain microscopical sections stained with 
scharlach 

Death from experimental concussion can readily obtained repeti- 
tion moderately severe blows. figs. and the effect five successive 
blows intervals ninety seconds three minutes caused death. The 
blows were identical, each being delivered light pendulum with 
velocity ft. per second and energy ft. the occipital pro- 
tuberance. will observed that paralysis respiration increasing 
duration, and rise blood-pressure increasing height, occur with suc- 
cessive blows. This animal was more deeply than the others, 
the corneal reflex was feeble, and was not obtained after each blow. 
The pupils began contract after the third blow and dilated the end. 
The heart block seen during terminal failure was probably asphyxial. The 
vagi and carotid arteries were intact. lesions were found brain 
cervical cord even microscopical section. 

Fig. characteristic record the chief events the lightly 
animal with both vagus nerves intact. Very marked slowing 
the pulse apparent within five seconds the injury, and periodic heart 
block after thirty seconds. After initial inspiratory spasm few rapid 
inspirations give way shallow diaphragmatic respiration with eventual 
recovery full thoracic respiration. The corneal reflex abolished for 
thirty seconds, and the pinna reflexes for thirty-three seconds. The pupils 
were observed dilate slowly between the twentieth and fortieth second, 
and contract slowly after the seventieth second. slight immediate 
fluctuation cerebrospinal fluid pressure cm. water, and slow iise 
and fall from cm. water pressure cm. accompany the disturbance. 

From these observations which are selected being typical the 
results obtained many experiments will concluded that concussion 
produced experimentally manifested by: (1) Loss the corneal reflex 
(the most reliable single criterion). (2) Loss the pinna reflexes (folding, 
flickering movement the ear, shaking the head scratching the 
hind limb response stimulus the inner aspect the pinna). 
(3) sharp rise blood-pressure (not absolutely constant, for may 
minimal after repeated blows noted Polis, 1895). 
(4) Lasting inspiratory spasm (only with light anzsthesia). (5) initial 
jerk the musculature followed delayed spasm then loss postural 
tone. These are abolished deep anzsthesia. 

These criteria will examined detail below and their relative value 
will discussed. Through the kindness Dr. Zuckerman were 
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enabled observe intact unanesthetized monkey which had been 
rendered unconscious the course model shelter experiment. these 
circumstances operative preparation painful injury could 
made. were able observe, however, that percussion injury 
sufficient stun the intact animal abolished the corneal reflexes for 
period, whereas lesser injury did not. therefore consider that the pheno- 
menon call experimental concussion identical with stunning intact 
animal, and the state immediate but transitory traumatic 
unconsciousness man called concussion. 
this experimental concussion there interference with brain-stem 
reflexes for period ninety seconds, which may terminate either 
death recovery within period five minutes. Further, this dis- 
turbance cerebral function may observed without there being any 
naked eye microscopical intracranial lesion fracture the skull, 
and without there being any significant change intracranial pressure. 


(2) The Adequate Stimulus. 


apparent that certain degree intensity blow the head 
necessary achieve the effect “experimental concussion.” The 
mechanical effect blow derived from its momentum, which turn 
derived from the mass and velocity the striking object. Since small 
angular objects moving high velocity tend pierce fracture 
the skull, and thus give rise factors that complicate the immediate effects 
the injury, convenient consider first the effects blunt injuries 
caused object large mass. “large mass” meant object 
mass, large as, larger than, the head struck. From the point 
view dynamics, makes difference whether moving object hits the 
stationary head, the head motion hits stationary object such 
the ground. Ideal for our purpose, therefore, would study the effect 
the head animal striking the hard ground (infinite mass) various 
velocities. Such experiments, however, offer difficulties immediate ob- 
servation and registration effects, and the control the point struck. 
alternative method would drop large mass the head from 
various heights. Here technical difficulties arise ensuring single 
impact and avoiding compression the skull immediately after the 
injury. Further, this unusual mechanism human head injury. 
importance allow movement the head after impact. This 
movement does not occur falling weight allowed strike the head 
vertically lies hard surface, the manner utilized other 
investigators. 
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If, our experiments, the head allowed take the velocity 
the striker, the effect found bear very constant relationship 
the velocity the particular striker used. Thus with our earliest pendu- 
lum, carrying 400 grm. weight behind the striker (and additional 
momentum from the weight the axle), experimental concussion failed 
occur with striking velocity ft. per second (energy ft. 
ft. per second (energy ft. When, however, the 
velocity was increased 23-7 ft. per second ft. experimental 
concussion was produced all but three experiments. one these 
three experiments the animal was very large, with correspondingly large 
head, and another the animal was very deeply with 
blood-pressure mm. Hg. The other exception was macaque monkey, 
the mass whose head was nearly twice that cat. Concussion could 
not produced with tae maximum speed this pendulum, ft. per 
second (energy ft. any these exceptions, though concussion 
was readily produced hammer blow lesser mass than the pendu- 
lum, but much greater velocity. 

larger and heavier pendulum was built for (see Method), and with 
this more rigid instrument, with high effective mass its striking point 
(fig. 1), the velocity required concuss cat ft. per 
second (energy ft. and for monkey (macaque) the same. 


Illustrative Experiments. 

Experiment No. 37, macaque, 3-32 kg., nembutal 0-032 grm. per kilo. Vagi 
sectioned and both carotids ligatured. Record. respiration and blood-pressure. 
Occipital blows pendulum released from varying heights. Velocity and energy 
calculated from amplitude swing pendulum. Movement the head was 
stopped loose cotton wool cm. after pendulum stopped. 

(i) Velocity impact 19-9 ft. Corneal reflex not lost. Respiration irre- 
per sec. gular and rapid for one minute. Blood- 
(energy 8-7 ft. Ib.) pressure rises gradually from 132 mm. 

188 mm. this period, and gradually 
subsides 136 mm. the following two 
minutes. 

Velocity 28-3 ft. per sec. Corneal reflex lost for sec. Respiration 
(energy ft. Ib.) ceases for sec., then deep and slow. 

Blood-pressure rises steeply from 140 
190 mm. and subsides mm. after 
min. Animal quiet for sec. and then 
makes feeble flexion and extension the 
limbs for sec., then lies quietly for 
min. with slowly falling blood-pressure 
(to mm.) and sluggish reflexes. 

{iii) Same blow. Corneal reflex lost and does not return. 
Respiration absent for sec., then very 
slow for one minute. Blood-pressure rises 
from mm. 156 mm., and then falls 
gradually mm. after minutes. 


BRAIN—VOL. LXIV. 


Pay 
3 
4 
1% 
3 
A 
4 


DENNY-BROWN AND RITCHIE RUSSELL 


110 
100 

200 

100 

Fig. 


EXPERIMENTAL CEREBRAL CONCUSSION 111 


Post-mortem examination this animal showed naked eye lesion visible 
the brain spinal cord. After fixation, two minute hemorrhages were seen 
the dorsal grey matter the spinal cord the level and C3. lesions 
elsewhere. 

Experiment No. 38, macaque, kg., nembutal above, vagi sectioned, carotids 
tied. Some loss blood owing damage the internal jugular vein during cannu- 
larization the left internal carotid artery. Records taken respiration and blood- 
pressure. Graded occipital blows experiment 37. 

(i) Velocity ft./sec. Corneal reflex not affected. Slight pause 

(energy 8-7 ft. Ib.) respiratory rhythm then animal quieter 
(fig. a). Fall blood-pressure from 
148 120 mm., with gradual recovery 
activity and blood-pressure after five 
minutes. 

(ii) Velocity ft./sec. Same effect. 

(energy 11-0 ft. Ib.) 
(iii) Velocity ft./sec. Same effect, but more inspiratory spasm 
(energy 13-3 ft. instant blow. 
(iv) Velocity ft./sec. Corneal reflex not lost. The next three 
(energy 15-6 ft. Ib.) respirations were slowed, then very deep 
and rapid for fifty sec. during which the 
blood-pressure rose from 100 mm. 154 
mm., thereafter subsiding slowly (fig. 
B). 
(v) Velocity ft./sec. Corneal reflex abolished for thirty-one 
(energy 17-8 ft. Ib.) secs. Respiration abolished for fifteen 
sec., then very slow and animal flaccid 
until sudden resumption posture and 
movement sixty sec. after the injury. 
Blood-pressure rose steeply from 132 
176 mm. within five sec. the injury 
(fig. c). 

These experiments show that when the head allowed take 
velocity suddenly result the impact, certain critical speed the 
striking body required produce concussion judged the loss 
the corneal reflex. concussion regarded nervous reaction, the 
threshold for its elicitation therefore very sharp, and lies between 


Fic. 9.—Macaque monkey, nembutal 0-032 g.p.k. Respiration 
blood-pressure. Both vagi sectioned, both carotids ligatured. Subconcussive 
effect from blows pendulum occiput (19 ft. per sec.), and (26 ft. per 
sec.). Abolition corneal reflex after (28 ft. per sec.), with sluggish reappearance 
becoming brisk cb. Time intervals ten seconds. 

Fic. monkey, nembutal 0-035 g.p.k. with some ether. Respira- 
tion and carotid blood-pressure. Both carotids tied, both vagi sectioned. Head 
protected helmet. arrow blow ft. per second. Corneal reflex not 
lost. 

Fic. 11.—As fig. 10, but head not protected. blow ft. per second 
arrow. Corneal reflex lost after the blow, returns becomes sluggish cs, 
and lost again cl. Feeble diaphragmatic respiration continued from cs. 
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and ft. per second, for blunt striking force mass greater than that 
the head. 

Good evidence the effects such blows the human brain 
cult obtain, but patients have given histories fall ft. and 
ft. the head without concussion, and fall ft., the head 
striking concrete, with immediate loss consciousness which continued 
two hours one case, for twenty-four hours another. The velocity 
the head impact the latter case would about ft. per second, 
figure which corresponds approximately the figure obtained the 
experiments. 

Damage the brain unfixed head not proportional simply the 
energy the blow, very large mass moving low velocity causes 
damage. Neither the concussive effect proportional the velocity 
the striking object, shown the fact that injuries warfare, 
small shell bomb fragments, even bullets may pierce the skull and 
produce local damage, such may cause hemiplegia, without loss con- 
sciousness (see also Léri, 1917). Here the energy small fragment, 
travelling very high speed, expended perforation 
without imparting more than slight motion the head and brain 
whole. 

more satisfactory basis for the expression the physical factors 
involved causing experimental concussion would obtained deter- 
mining directly the deformity and rate acceleration the head. The 
mass the striking force could then ignored. Such measurement 
the movement the head the moments following injury would, how- 
ever, require high-speed photographic apparatus kind not available 
this investigation. 

using blunt striker large mass the head made take 
least the velocity the striker within period few milliseconds. 
Cushioning the blow delays the transfer velocity without diminishing 
the amount change. The importance this rate change velocity 
(acceleration) shown the following experiment, which Dr. Zucker- 
man participated. 


Helmet Experiment (No. 47). 


macaque monkey was fitted Dr. Zuckerman with small metal helmet 
(made tobacco tin) hemispheral shape, held mm. away from the 
head cotton strapping suspensory bands, the manner the helmet designed 
the Ministry Home Security, and tied under the chin. The animal was given 
grm. nembutal per kilogram body weight and ether, both vagi were 
sectioned and the blood-pressure was recorded from left carotid artery. Both 
carotids were tied. The head was allowed move above, and stopped wool. 
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Injuries 

(i) Blow vertex, protected 
helmet. Velocity was 
ft./sec., and energy was 
ft. 

(ii) More severe blow protected 
helmet. Velocity was 
ft./sec., and energy was 
ft. 


Result 
Corneal reflex not lost. Acceleration 
respiration. Fall blood-pressure 
mm. for sec. due central vagal effect 
(fig. 10). loss posture. 
Corneal reflex not lost. Pause for half 


respiration, then resumption, 


fig. 10. significant change blood- 
pressure, posture. 


Corneal reflex lost for sec. Inspiratory 
spasm for sec., then three rapid respira- 
tions followed deep slow respirations 
for -sec. Immediate rise blood- 
pressure from 112 mm. 150 mm. for 
sec. 

Corneal reflex lost for sec. Transitory 
inspiratory spasm for sec., followed 
slow deep respirations. Immediate rise 
blood-pressure from 110 mm. 188 mm. 
(fig. fracture. Failure 
respirations after 105 sec. Death. 


(iii) Blow vertex, head not pro- 
tected. Velocity was 28-3 
ft./sec. Energy ft. 


(iv) Blow vertex, head not pro- 
tected. was 33-7 
ft./sec. Energy ft. Ib. 


The cushioning effect the small helmet, therefore, not only prevented 
fracture the skull, but prevented concussion from occurring when the 
striking blow was high velocity. each blow the head was allowed 
move forward approximately cm. after the blow, while the pendulum 
was arrested cm. beyond the point impact. The depressed fracture 
after the last blow was approximately mm. deep. the second and last 
blows are compared, the amount change velocity must the same 
each, the difference effect being due the slower rate change 
velocity when the helmet was position. 

view the result this experiment can express the critical 
value blow produce concussion, acceleration from zero 
ft. per second minimal interval time. Since deformity more 
than some mm. might expected produce fracture, the skull must 
have taken full velocity the time the pendulum has traversed this 
distance (approximately second). This represents acceleration 
some 48,000 ft. per second per second. The slight delay introduced 
helmet must greatly lessen this though the final velocity and 
momentum the same. 

Further, since the critical velocity for the occurrence concussion 
the same for brains greatly differing size (cat, monkey) the rate 
change velocity and not momentum the critical factor. This factor 
will affected cushioning tissues such the hair and scalp, and 
the hardness, elasticity and brittleness the head and the striking 
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object. The texture the skull varies different animals with both age 
and state nutrition. 

one has previously indicated (Russell, 1932) the physical effects 
rate change velocity are the laws Dynamics identical 
acceleration and deceleration, that our findings positive acceleration 
experiments may expected identical with those when the head 
moving with sufficient velocity strikes fixed object. 

Our experiments have differed from those other workers that 
have allowed the head move when struck, and have avoided any crush- 
ing action the pendulum stopping before the forward movement 
the head was arrested. Duret (1878), Kramer (1894), Cannon (1901), 
Knauer and Enderlen (1922), and Scott (1940) struck the head lying 
solid table. Polis (1894) found that tangential bullet wounds were most 
effective producing concussion. found using the lighter 
(which does not crush the fixed skull) that the animal’s head prevented 
from moving the moment injury, concussion could not produced 
even with the maximum velocity obtainable with this pendulum ft. 
per second), whereas even slight movement the head were allowed (e.g. 
mm.) concussion occurs. one striking experiment, where the head was 
held hand against iron support when struck the occipital region 
only slight inspiratory gasp occurred (fig. a), whereas the same blow 
repeated, with the head allowed move cm. resulted death (fig. 
obvious that our method producing concussion identical 
with that which commonly occurs man result accidental head 
injury. shall refer this type acceleration concussion (including 
both positive and negative acceleration, deceleration) distinguish 
from the results obtained crushing injury. 

Concussion regarded many the effect sudden high rise 
intracranial pressure due distortion the skull the moment 
injury. shall return this subject later, but will noted that 
the the greatest distortion the skull should occur 
when prevented from moving solid resistance. Yet concussion 
difficult produce this way. The failure other investigators 
appreciate the importance imparting change velocity the skull 
attempting cause concussion has greatly lessened the value much 
their experimental work. 

Clinical studies crushing injuries man support our experimental 
evidence, for they show that, should the patient survive, concussion rarely 
occurs even though the skull fractured severely and cranial nerves torn 
(Russell, 1932). have personally studied ten such cases, all which 
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the skull was fractured; nine these there was bleeding from the ears, 
and eight, one more cranial nerves were torn, yet only one did 
loss consciousness occur. 

Both clinical and experimental evidence therefore indicate that the 
phenomenon observed Duret, Kramer, Cannon and Scott, 
severe degree crushing injury and associated with high rise. intra- 
cranial pressure (300 mm. Hg, Scott, 1940) not directly 
the common type concussion observed man. will noted 
also that none these investigators obtained the sharp rise blood- 
pressure which occurs with concussion our experiments. 


(3) Concussion the Decerebrate Preparation. 
Experimental concussion has clearly profound effect respiration, 


blood-pressure and corneal reflex. This disorder bulbar function can 
more clearly approached and freed any possible action anzsthetic 
such. nembutal ether its study the decerebrate preparation. 
Every feature the disorder experimental concussion can reproduced 
the decerebrate animal. Even the stilling the restless automatism 
preparation with high mid-brain section secured adequate 
blow, and recovered from after interval. The intensity blow re- 
quired induce the effect higher than the intact cat, 
and care must taken hit the occiput the empty skull without 
injury the neck the neck muscles. The elasticity the skull 
probably altered the large opening necessary for decerebration. The 
transmission physical effect lessened absence cerebrospinal fluid 
pressure. 

series blows rising intensity the decerebrate preparation give 
rise effects similar those found the intact animal. Lighter blows 
induce only sudden inspiratory gasp (fig. There often 
effect blood-pressure, but all four limbs flex momentarily. This sudden 
muscular contraction also obtained from sudden tap the spine, 
shoulder, and times forelimb, though then expiratory. the 
decerebrate animal this clearly part the reflex, which can 
precipitated blow the table which the animal rests. 
interest note that the next inspiration begins immediately after the 
gasp, that when the blow comes early the respiratory cycle the rhythm 
reset. This reflex” also present the lightly 
intact animal. 

With increased intensity blow the head the decerebrate 
animal, the inspiratory gasp followed increased inspiratory tone. The 
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Fic. 12.—Cat, decerebrate (section just precollicular, trephine method)). 
piration, carotid blood-pressure, and tension left quadriceps muscle The 
effect four hammer blows the occiput, two light and two increasing 
severity and The corneal reflex not lost after and lost for 
only some six seconds after Increased extension all limbs follows and 
with resumption normal posture 

Fic. 13.—Continuation experiment shown fig. further blows 
extreme severity and The corneal reflex returns after each. 
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corneal reflex not abolished this degree injury, and the rise 
blood-pressure, occurs, slight and slow onset (fig. very 
active preparations the period increased inspiratory tone accompanied 
some acceleration the rhythm respiration (fig. and some 
preparations (usually with intercollicular section) this acceleration very 
remarkable with subconcussive blows. Slowing the pulse then indicates 
vagal stimulation. 

When, the decerebrate animal, the intensity injury such that 
the corneal reflex abolished for time, immediate rise blood- 
pressure occurs and cessation respiration with prolonged inspiratory 
spasm the rule (fig. The recovery respiration begins with 
sudden gasp expiration, repeated decreasing intervals. The respiration 
deeper and slower than before the blow for minute more. very 
active preparations the rhythm recovering respiration may rapid for 
ten thirty seconds before the slow deep respirations begins. 
Following more severe blows the period respiratory arrest more pro- 
longed and gasping recovery more evident (figs. and c). 

The rise blood-pressure accompanying experimental concussion 
remarkably constant phenomenon. the decerebrate animal (figs, 
and 16c) commonly brief duration, preceded brief fall and 
followed longer fall. the vagus nerves are intact the change 
blood-pressure complicated very marked slowing the pulse even 
periodic heart block, indicating stimulation the vagus nerve centre 
both (fig. 15). The great slowing the heart may obscure the change 
blood-pressure. secure clearer view the change blood-pressure 
the vagi were many experiments divided both sides. The blood- 
pressure curve then shows very steep rise with concussion (figs. 
a), with gradual decline the intact animal. small 
fall preceding this rise makes its appearance severe injury (fig. B). 

The duration the rise blood-pressure very variable but usually 
slow decline to, just below, the original level, begins some thirty 
seconds after the injury. The pressure may, however, remain high for two 
three minutes. 

This rise blood-pressure might interpreted direct stimulation 
the vasomotor centre the injury. That not due any effect 
stimulation the vestibular apparatus, shown fig. 14. this ex- 
periment the rise obtained concussion preparation decerebrated 
through the posterior colliculus the guillotine method which removes 
the skull and brain anterior the tentorium, together with bony and 
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membranous tentoria. Both 8th nerves had also been sectioned, and 
artificial respiration was progress. Concussion occipital blow 
induced the usual rise blood-pressure, and was followed gasping 
respiration, but with eventual recovery. There was lesion the brain 
seen autopsy. This observation was repeated another similar pre- 
paration. 

The experiment already cited (fig. which concussion occurs only 
when the head allowed move disposes the possibility that any part 
the effect except the inspiratory gasp due reflex effect from injury 
the scalp. 

With view demonstrating the mechanism this rise blood- 
pressure made plethysmographic records the volume limb, 
kidney, and the intestines during experimental concussion. plethys- 
mographic record limb. proved extremely difficult obtain owing 
the limb movement the moment concussion. rapid reduction 
volume, corresponding the rise blood-pressure, was, however, seen 
begin. Shrinkage absent the kidney (figs. and 22) and intestine 
(figs. 27). the kidney there delayed increase volume after 
some twenty seconds, accompanying the gradual decline blood-pressure 
below the resting value. will noted that the abrupt initial rise 
blood-pressure not accompanied correspondingly sudden reduction 
volume the kidney intestine. 

experimental concussion the decerebrate animal the corneal reflex 
abolished for three (shortest time testing) forty seconds. Abolition 
for longer period has been, our experiments, associated with the 
presence lesions. have, however, observed absence the corneal 
reflex for periods five minutes association with cerebral lesions 
which from their size and position could little consequence 
(see fig. 32). The corneal reflex returns gradually, and can first often 
obtained better puff air the cornea than touch and the 
closing movement the lids first weak (fig. 3). the course 
further ten forty seconds recovers full effectiveness. Occasionally 
the twitching vibrissz the first response touching the cornea, and 

Fic. 14.—Cat, decerebrate (guillotine method) followed section and 
8th nerves both sides, and vagi neck. Respiration and carotid blood- 
pressure. respiration pump point marked followed spon- 
taneous gasping. Occipital blow arrow. 

Fic. 15.—Cat, decerebrated guillotine method. Respiration, carotid blood- 
pressure, tension quadriceps muscle and, below, abdominal movement (in- 
spiration upwards). Heavy hammer blow occiput arrow, followed retching 


movements. Extension all limbs then immediate flexion. Swallowing 
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some experiments touch the margin the upper lid evokes reflex 
closure the lids before stimulation the cornea was effective. The 
sequence varies also concussion the intact, preparation. 
the stage post-concussive shock with shallow abdominal respirations 
and low blood-pressure the corneal reflex becomes again sluggish and may 
disappear second time two three minutes after the injury, returning 
again when the blood-pressure rises. 

The pupil commonly shows change during concussion from moder- 
ate blow, but severe concussion some dilatation begins occur after ten 
fifteen seconds, and this followed contraction thirty forty seconds 
later. 

the cat stimulation the inner surface the concha induces 
series reflexes which have been described Sherrington Among 
these pinna reflexes there reflex, flicking the ear, which 
readily induced the animal lightly anzsthetized nembutal, and 
sometimes accompanied the head-shake reflex, the scratch reflex, 
and vibrissal reflexes. All are readily elicited the decerebrate pre- 
paration. These reflexes are, like the corneal reflex, abolished 
adequate blow the head. Their recovery usually later than the corneal 
reflex (figs. 20), but occasionally earlier. The order recovery 
the individual pinna reflexes varies. Our practice has been stimulate 
the cornea and pinna alternately every few seconds, and record the first 
response signal. Most usually scratching the hind limb occurred first 
exactly the same time the cover reflex was observed reappear. 
Thus, responses mediated afferents the 5th and 10th cranial nerves, 
and executed the 7th cranial nerve (cover reflex), cervical nerves (head- 
shake reflex) and lumbar spinal cord (scratch reflex), are abolished simul- 
taneously, and may return after approximately the same interval. The 
defection not the efferent side, witness the differing recoveries 
corneal and cover reflexes, both served the 7th cranial nerve, nor 
attributable the afferent mechanism for the vibrissal reflexes usually 
recover much earlier than the corneal reflexes, both depending the same 
nerves. 

Deglutition also reflex served the bulbar mechanism. Observa- 
tions were made the effect experimental concussion swallowing. 
When concussion occurs swallow can obtained, and fluid 
runs through the relaxed throat, pharynx and cesophagus, without em- 
barrassing respiration any nervous effect, though able run into the 
trachea freely. After interval ten twenty seconds weak swallow 
obtained without the usual respiration. the following minute 
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Fic. 16.—Cat, decerebrated. sectioned. Hammer blows occiput in- 
creasing severity arrows. Respiration, carotid blood-pressure, quadriceps tension 
and cesophageal pressure swallowing record the corneal reflex was not 
lost but was sluggish and brisk ten seconds later. The amplitude swallow- 
ing was first diminished, and three swallows increasing size are shown. 
record the corneal reflex was lost for eight seconds, swallowing for twenty seconds. 
record the delayed spasm extension gives way flaccidity the 
reflex returns very sluggish form briskly cb, swallowing returns and 
the inhibition respiration with swallowing begins return and complete 
si. The first response stimulation peripheral nerve (int. saph. n.) is. 
The response occlusion the vertebral arteries becoming brisk ocv. The 
heavy black line signals the duration one minute. 
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the intensity swallow gradually becomes greater (fig. 16c) and the 
respiratory pause appears. 

the brain-stem lies mechanism wide importance general reflex 
activity. The nervous centres the reticular formation are generally 
accepted those serving the heightened reflex activity the decerebrate 
animal. Their influence exerted upon all reflexes, spinal and bulbar. 
The vestibular nuclei, which also have widespread effects reflexes, are 
also probably affected. The vestibular apparatus, however, has little effect 
reflexes the type the corneal and pinna reflexes. view the 
abrogation reflex function over wide field possible that con- 
cussion mediated through some general controlling mechanism such 
the reticular formation rather than through separate abolition each 
reflex arc. The variable order recovery, however, supports the latter 
explanation. 

Experimental concussion nevertheless affects even the spinal reflexes. 
The tendon-jerk lessened and recovers gradually. The crossed extensor 
reflex hind limbs abolished for few seconds and recovers gradually 
while the flexion reflex abolished for very brief period. Thus the lum- 
bar reflexes are indirectly affected concussion. These changes indicate 
passing damage brain-stem with tracts descending the spinal 
cord. 

postural and motor reactions concussion are complex. The 
initial brief jerk all the musculature accompanying the inspiratory 
spasm has already been mentioned. The contraction chiefly flexor, 
though concurrent record any extensor muscle shows jerk con- 
traction the time the blow the head (figs. 12, and 16). Follow- 
ing this momentary start reflex” relaxation which may indicate 
simple lessening abolition extensor decerebrate tone lasting many 
minutes. More commonly there secondary rise muscular tone within 
five seconds (fig. 13), running convulsive galloping movements then 


Fic. 17.—Macaque monkey, nembutal 0-032 g.p.k. Respiration and carotid 
blood-pressure. One carotid artery occluded. and moderate hammer blows 
are given, without loss corneal reflex. the record was stopped and both 
vagi sectioned. further moderate hammer blow, and heavy rapid 
hammer blow, were given. There was loss corneal reflex after the last blow only. 

Fic. 18.—Macaque monkey, nembutal 0-036 g.p.k. Both vagi sectioned and 
both carotids occluded. Respiration, carotid blood-pressure, and, below, the vertical 
strokes the drop recorder pr, showing outflow from the right int. jugular vein. 
each arrow subconcussive blow was given the occiput. 

Fic. 19.—Cat, nembutal 0-029 g.p.k. Vagi intact, but both carotids tied. This 
record made shortly after the concussion shown fig. For the duration 
the signal above ocv the vertebral arteries were clamped the neck. 
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begin, continue for some twenty seconds, and give way simple resump- 
tion the original decerebrate posture (fig. 16), flaccidity the injury 
has been particularly severe. 

Thus phase motor activity commonly seen between the 5th and 
30th second after the blow, interrupting otherwise lasting loss tone. 
This phenomenon also seen the intact anesthetized animal (e.g. figs. 
and 3). 

There fact feature have recorded experimental con- 
cussion the lightly anzsthetized animal which have not recorded 
the preparation lacking the cerebral structures above the mid-brain. 


(4) Subconcussive Effects. 


Bradycardia often prominent feature the crest the rise 
blood-pressure following concussion, and indicates stimulation the vagus. 
Often with quite mild blows, not sufficient concuss the animal, 
brief slowing of. the heart occurs, several beats may missed, with 
consequent brief fall blood-pressure (fig. and pause 
respiration under these circumstances also explicable the presence 
momentary vagal stimulation. the same animal the vagi are sectioned 
the slowing the heart longer obtained, the pause respiration still 
appears (fig. together with very small fall blood-pressure short 
duration. The resumption respiratory rhythm abrupt and complete, 
compared with the gradual recovery following concussion (fig. 
extrasystole may occur immediately after the injury (fig. 

The vagus and glossopharyngeal nerves contain afferents with powerful 
effect respiration (inhibition from laryngeal branches, stimulation from 
the lung), blood-pressure (depressor nerve), and motor reactions (vomiting, 
coughing). These subconcussive effects are evidence stimulation such 
vago-glossopharyngeal mechanisms. Though this phenomenon occurs 
without lesions any kind, the common production subpial 
neural hemorrhages related these nerves their junction with the brain- 
stem more severe head injury indicates this region the site stimula- 
tion lesser blows. After section the vagi the neck the effects 
transmitted the heart are lacking though the reflex effects other 
medullary centres remain. Since heart block also occasionally accompanies 
the effects the bulb (fig. 19) where question damage 
nerve roots arises, consider that these effects the vago- 
glossopharyngeal mechanism are due stimulation the centre. 

The delayed muscular spasm commonly accompanies subconcussive 
blows (fig. seen take the form flexion the fore-limbs, 
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posture associated with vomiting the cat and occasionally associated 
with retching our experiments (fig. 15). The occurrence convulsive 
running movements between the fifth and twenty-fifth second (cf. fig. 
also regarded the effect strong stimulation the vago-glosso- 
pharyngeal mechanism. 

These reflex effects subconcussive blows are lessened and abolished 
velocity ft. per second may produce only small inspiratory 
gasp. The decerebrate preparation, without will, however, 
show variety effects stimulated slight minor blows. 

Considerable variability reaction subconcussive blows found, 
though any one animal tends react similar manner successive blows. 
Thus some decerebrate preparations, and occasionally the intact, 
animal, subconcussive blow hastens the rhythm respira- 
tion without inhibitory pause. This acceleration associated with particu- 
larly pronounced bradycardia when the vagus nerves are intact. 

fig. shown record from decerebrate preparation when 
subconcussive blow occasioned both acceleration respiration and pro- 
longed fall blood-pressure. will noted that the corneal reflex and 
swallowing, though not abolished the blow, were lessened for some 
twenty seconds with gradual recovery. 

intermediate degree blow this animal resulted greater 
muscular spasm, increased flexor posture the twenty-fifth second, 
and more severe and prolonged fall blood-pressure. Respiration, after 
increased frequency for seconds, slowed and deepened during the fall 
blood-pressure. 

Slightly greater intensity blow now induced pause for one re- 
spiration, slowing for four respirations during the motor reaction the 
limbs (fig. small sharp rise blood-pressure, and abolition corneal 
reflex for ten seconds, and swallowing for twenty-three seconds. This 
minimal concussive effect. severe blow led prolonged concussive 
paralysis (fig. 16c) and respiration was then abolished for 168 seconds, 
and corneal reflex and swallowing for 220 seconds. The recovery re- 
spiration now seen associated with prolonged deep fall blood- 
pressure lasting nine minutes (shock effect). Recovery was eventually com- 
plete, and lesions the brain-stem below the decerebration lesion were 
found post-mortem. 

The decerebrate preparation described above was extremely active re- 


flexly. decerebrate preparation lightly anzsthetized (ether, nem- 


butal) the effects attributed here vagal stimulation (acceleration re- 
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spiration, motor spasm, slowing the heart, fall blood-pressure) are first 
abolished. With deeper subconcussive trauma still elicits 
but shock does not occur. Concussion then still causes rise 
blood-pressure. With deep anzsthesia concussion has effect until 
intensity reached which causes sudden failure blood-pressure and 
death. 

evident, therefore, that the variability reaction from one animal 
another chiefly related the prominence subconcussive effects, and 
these analysis prove the reflex” and reflex responses 
afferents the vago-glossopharyngeal group nerves. abolition the 
corneal and pinna reflexes are taken true criteria concussion, 
further evidence that vago-glossopharyngeal effects also accompany concus- 
sion though the fall blood-pressure delayed. They account for the 
inspiratory gasp, the delayed posture the limbs, prolonged late fall 
blood-pressure, and sometimes early acceleration respiration follow- 
ing the phase paralysis. 


(5) The Immediate Vascular Effect Concussion. 


The steep rise blood-pressure which accompanies concussion can 
intense the decerebrate animal the intact animal. 

the basis delay found the rise blood-pressure the peri- 
pheral end the severed carotid artery, compared rise the 
central end, was suggested Polis (1894) that spasm occurred the 
intracranial arteries, including the circle Willis. have repeated this 
experiment the dog (the cat having only very insignificant internal 
carotid artery); but found fall, delay rise, the peripheral 
carotid (circle Willis) pressure severe concussion. The peripheral 
pressure faithfully mirrored the central arterial pressure. There was, 
therefore, these experiments evidence vascular spasm such Polis 
described. Further have found that with concussion the outflow 
blood from the internal jugular vein during the rise blood-pressure 
which follows concussion immediately greatly increased even when one 
both carotid arteries are occluded ligature. The increase immedi- 
ate precautions avoid kinking the vein the blow are taken. 
This was figured Polis (1894). This indicates that the rise 
pressure not due obstruction the cerebral vascular circulation. 
jugular outflow lessens slowly the blood-pressure falls, and providing the 


blood loss has not been great, remains good before the injury when 


blood-pressure has returned resting level. 


Further, were surprised find that even subconcussive blows 
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duced immediate increase jugular outflow, whether the carotids were 
patent not. Accompanying this increase (fig. 18) small fall blood- 
pressure and momentary inhibition respiration, which comparison 
with fig. will identified the depressor effect the vago-glosso- 
pharyngeal stimulation subconcussive blows. have observed profuse 
increase outflow lasting undiminished for two minutes after subcon- 
cussive injury. Longer observation complicated the blood loss due 
the method, that cannot estimate the maximal duration the effect. 


Fic. 20.—Cat, nembutal 0-024 and right carotid intact. Artificial 
respiration pump throughout, and respiration recorded usual band around 
chest. Heavy occipital hammer blow the arrow. spasm the limbs 
extension. stimulation the cornea evoked movement vibrissz, 
corneal reflex, and the pinna reflex returned. Note the return sinus 


rhythm 


The remarkable increase the cerebral circulation brought about 
stimulation the vagus (depressor) nerves has been noted Forbes and 
Wolff (1928), direct measurement the cerebral vessels, and has been 
shown Cobb and Finesinger (1932), Chorobski and Penfield (1932) and 
Forbes, Nason, Cobb and Wortman (1937) mediated vasodilator 
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fibres the 7th cranial nerve. Our finding this effect subconcussive 
head injury further reinforces our conclusion that vago-glossopharyngeal 
stimulation complicates, but not essential part concussion. have 
further found that the venous outflow from kidney measured the 
same way the depressor effect has influence, though rise blood-pressure 
with concussion increases the outflow. Nor was there any change out- 
flow from internal saphenous femoral veins other experiments with 
subconcussive depressor effect, which therefore appears related chiefly 
not solely the cerebral circulation. 

With concussion the rise blood-pressure steep, and immediate 
lessening outflow from the femoral vein indicates peripheral vaso- 
constriction. After the steep rise there commonly delayed rise hump 
the decline the curve (fig. and slight dilatation the pupil this 
time suggests the effect outflow adrenalin into the circulation. 
have not pursued this possibility further. The delayed rise blood- 
pressure accompanied increase volume intestine and kidney 
(figs. and 23), with increased venous flow the latter organ. pre- 
liminary brief lessening the volume the kidney due the fall 
venous pressure consequent upon the sudden deep posture 
the thorax (figs. and 23). 

ssion, therefore, brings about powerful and rapid peripheral 
vasoconstriction. This may regarded direct stimulation the 
vasomotor centre the medulla. comparable the momentary 
effect sudden destruction the medulla (Polis), sudden severance 
the cervical cord. There evidence that head injury disturbs the 
carotid sinus its tonic effect blood-pressure for occlusion both 
carotids and section the sinus region does not change the effect 
concussion blood-pressure. 

There are points resemblance, and difference, between concussion 
and sudden anzmia the brain-stem. the cat the vertebral arteries 
can both readily subjected digital compression, and after ligature 

Fic. 21.—Cat, nembutal 0-038 with vagi sectioned and carotids tied. 
Respiration, carotid blood-pressure, intracranial pressure (recorder displaced 
the blow), and kidney volume (increase upwards). The vertebral arteries were 
occluded for the duration the signal and then released. the arrow 
severe occipital hammer blow was given, followed delayed and momentary 
spasm extension the limbs seconds after the blow. respiration 
without recovery. 

Fic. 22.—Cat, nembutal 0-023 g.p.k., vagi sectioned and carotids tied. Respira- 
tion, carotid blood-pressure, intracranial pressure (scale cm. water), and below, 


kidney volume fig. 21. Occlusion and release vertebral arteries vo. Heavy 
occipital blow arrow. Artificial respiration without recovery. 
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both common carotids such compression induces very characteristic 
effect first noted Leonard Hill (1896). Respiration immediately and 
intensely stimulated (figs. and 22), and sharp steep rise blood- 
pressure occurs. The corneal reflex persists for twenty forty seconds 
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and then rapidly lost, are other bulbar reflexes. Respiration continues 
for twenty sixty seconds then fails expiration. The rise blood- 
pressure then continues for two more minutes. the arterial occlusion 
released before respiration fails there momentary apnoea then full 
recovery. 

The effect brief anzemia differs from that concussion the slower, 
gradual extinction reflexes, and respiration, and fall intracranial 
pressure due the collapse cerebral arteries seen most clearly when the 
pressure already low (fig. 21). The effect intestinal and kidney volume 
identical, and indicates that anemia and trauma both stimulate the 
vasomotor centre the same way. The effect experimental concussion 
blood-pressure shared asphyxia, anemia the brain induced. 
sudden pressure, sudden vascular occlusion, destruction the medulla 
and strong electrical stimulation the medulla (see Miller, 1927), and 
large and prolonged rise blood-pressure, the mechanism which 
probably similar though not identical under all these conditions. 
interpreted concussion direct stimulation the mechanism 
vascular control mechanical injury. 

Throughout the period high blood-pressure during concussion the 
vasomotor centre evidently discharging vasoconstrictor impulses, for 
sudden cerebral compression very severe degree will cut short the rise 
any required moment. This mechanism will discussed below. 


(6) Delayed Vascular Effects from Head Injury. 


Polis (1894), result his studies the vasomotor and respiratory 


reaction head injury (hammer blows, tangential bullet impact) concluded 
that the vasomotor centre was more resistant than any other trauma 
and insisted the importance artificial respiration tiding over the 
immediate loss respiration. further showed the effects 
rrhage, previously repeated concussion, reducing the resistance 
the vasomotor centre, that its paralysis (failure -pressure) was 
then more readily produced. 

our experiments collapse blood-pressure was usually too early 
result from asphyxia, and artificial respiration before during the failure 
blood-pressure throughout the whole experiment pump, failed 
prevent complete failure blood-pressure from sufficient degree 
concussion. The heart would continue beating with blood-pressure fall- 
ing and then mm. artificial respiration were then ceased death 
resulted, otherwise the heart continued beat slowly, but evidence 
recovery occurred within ten minutes, beyond which time irreparable 
damage nervous tissue might expected. 
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the most severe experimental concussion death may occur within 
ninety seconds, figs. 21. The complete failure blood-pressure 
and cessation the heart reached much earlier than asphyxia 


| 


Fic. 23.—Cat, nembutal 0-023 g.p.k., vagi sectioned, carotids tied, and records 
figs. and 22. Heavy occipital blow arrow. The corneal reflex returned 
after about thirty seconds, the pinna reflex failed return. the end the 
fig. the respiration recorder was raised avoid fouling the lever the icp 


recorder. The record continues 
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occlusion all four arteries the brain, which respiration fails only 
after forty sixty seconds, and blood-pressure after two three minutes. 

Registration the volume the kidney during this type rapid 
failure (fig. 21) shows that shrinkage the kidney occurs with the fall 
blood-pressure (momentarily interrupted this instance the effect 
extensor spasm the limbs). the vasoconstriction the kidney 
seen completely ineffective, and failure has occurred after one minute 
from the injury. Vigorous artificial respiration without effect. 

slightly more delayed onset failure shown fig. 22, where 
shallow abdominal breathing appears after twenty seconds, only fail 
abruptly the end two minutes, with the onset vasoconstriction 
the kidney. Artificial respiration from the fourth minute after the injury 
the sixth minute resulted this animal recovery gasping, which, 
however, did not prevent death with cessation heart beat nine and half 
minutes after the injury, spite further artificial respiration. 

extreme example delayed fatal effect shown fig. 23, where 
there steady fall blood-pressure following concussion for six minutes. 
Respiration then slows suddenly and inspiratory spasm gives way 
gasping after further minute, accompanied failure blood-pressure 
and vasoconstriction the kidney. The heart still beating feebly 
the end the record. 

none these animals was there any evidence damage around 
the medulla histological section and eosin). The 
intracranial pressure recorder shows rise intracranial tension. 

have not seen complete failure interval longer than seven 
minutes. Before after that time the blood-pressure recovers and vaso- 
constriction the kidney does not occur. There may long phase 
during which blood-pressure falls low level (forty fifty mm.) and 
respiration abdominal type, i.e. there only slight passive move- 
ment the chest wall though the excursion the diaphragm ample. 
Recovery full respiration and blood-pressure will then eventually 
occur. 

There may thus distinguished three phases change blood- 
pressure concussion—initial rise, prolonged subsequent fall, and ending 
gradual recovery final steep failure. 

The final failure evidently cannot regarded the effect paralysis 
the vasomotor centre, for accompanied intense vasoconstriction. 
Autopsy the animal shows distended venous system, acute surgical 
shock primary shock and the condition must regarded 
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that phenomenon. interest note that when this final failure 
delayed exactly concurrent with respiratory failure, the two 
were served the same mechanism. fact the tracings showing the 
size the chest, and the kidney, often curious parallelism 
figs. and 23. That this mere coincidence seen number 
records, when the inspiratory spasm accompanied parallel rise 
blood-pressure, e.g. figs. and 23. similar parallelism between chest 
volume and blood-pressure has been remarked upon Henderson, 
Oughterson, Greenberg and Searle (1934) and Henderson (1935) studies 
primary shock during These authors suggest that failure 
muscular tone leads pooling the blood the venous system and 
increased resistance the pulmonary circulation collapse the thorax. 
They have put forward conception venopressor system,” maintained 
muscular tone, the collapse which occasions this type shock. 

many records immediately fatal concussion, fig. 21, this paral- 
lelism between the movements the chest and the blood-pressure tracing 
does not occur. the experiment shown fig. the failure blood- 
pressure seems lead simple the respiratory centre. This 
extremely unusual. 

The prolonged fall blood-pressure with abdominal respiration 
phenomenon which closely associated with severe initial vagal 
effects. have already described the prolonged falls blood-pressure 
associated with subconcussive injury. Following concussion the same dis- 
order may emerge more intense and lasting form. The fall blood- 
pressure then begins early and the immediate initial vasoconstriction 
concussion may represented only small hump halt superimposed 
form this curve seen fig. where have already remarked its 
relationship acceleration respiration and later slowing. 
excitable animal under nembutal respiration more regular during the 
prolonged fall blood-pressure the animal were more deeply anzsthe- 
tized. Lesser degrees this phenomenon are seen with subconcussive 
blow the monkey (fig. 

moderate degree concussion not usually followed any fall 
blood-pressure even animals where there has been fall with sub- 
concussive blow. The large immediate rise blood-pressure may then 
followed raised resting level for some minutes, the vasomotor 
centre continued stimulated concussion. fact one animal, 
where severe primary shock resulted from momentary tension the renal 
pedicle with shallow abdominal respiration and fall blood-pressure from 
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150 mm., concussion brought immediate rise 200 mm., followed 
maintained level 156 mm. The kidney volume, also recorded, 
showed rise and fall nearly parallel with the blood-pressure. 
had acted counter primary shock. 

find, concussion, therefore, overlapping two contrary 
effects. The one immediate stimulation peripheral vasoconstriction 
which can help combat shock, but which severe degree leaves the animal 
more liable shock. The other only observed lightly anzsthetized 
decerebrate animals, and reversible fall blood-pressure associ- 
ated with slow shallow respiration and signs vagal stimulation. 
subconcussive injury only the second present. mild concussion the 
first counteracts the second, very severe concussion the first rapidly 
gives way intensification the second. 

appears reasonable deduce that concussion there direct stimula- 
tion the vasomotor centre, Polis (1894) and McDowall (1933) have 
stated. severe concussion, repeated concussion, the vasomotor centre 
for time partially exhausted following this stimulation supposed 
Polis. Death, however, not from general vasodilatation might 
expected from complete paralysis the vasomotor centre, but due 
failure that centre react sufficiently well the concurrent process 
nervous primary shock, induced stimulation the vago-glossopharyn- 
geal mechanism. Only this way can explain the delayed onset 
vasoconstriction insufficient correct the fall blood-pressure fig. 23, 
the straight line progressive fall blood-pressure the moment 
final failure figs. and 23, and the absence general vasoconstric- 
tion (i.e. including kidney and intestine) immediately after the injury. 
the beginning the vasomotor centre unable respond reflexly, 
though its direct stimulation sufficient counteract shock. Stimulation 
peripheral nerve, usually causing reflex fluctuation blood-pressure, 
ineffective this period. the direct stimulation declines the concur- 
rent shock becomes manifest. the critical point the centre unable 
react sufficiently the state shock death occurs. Thus the delay 
reaching the critical point, fig. 23, not due the development 
any fresh lesion, but the result interaction two contrary processes. 

concluded, therefore, that death from concussion seen these 
experiments from variety traumatic primary shock, but that 
the vasomotor centre recovers reflex activity sufficiently early shock re- 
covered from. The traumatic primary shock associated with and pro- 
portional effects indicating stimulation the vago-glossopharyngeal 
system the medulla. Primary shock was first demonstrated relation- 
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ship stimulation the visceral afferents the vagus nerve (Goltz, 1863). 
Its occurrence head injury related damage, not neces- 
sarily accompanied concussion. 


(7) Relationship Increase Intracranial Pressure. 


concussion the type have described the blow transmitted 


the brain the movement the skull very brief duration. severe 
experimental injuries, one judges the places which contusions are 
liable develop, there concentration damage not only under the 
site impact but also the brain-stem and the upper cervical cord. 
The observation punctate hemorrhages the medulla and the walls 
the 4th ventricle and aqueduct Sylvius after severe head injuries and 
the production similar hemorrhages increase intracranial pres- 
sure, led Duret (1878) propose that wave cerebrospinal fluid pressure 
forced the aqueduct and 4th ventricle downwards, displaced the brain-stem 
the foramen magnum, and thus caused contusion this situation. 
Kramer (1896) demonstrated general sharp rise intracranial pressure 
result distortion the skull, and Kocher (1901) regarded the vas- 
cular disturbance concussion comparable with those which occur 
when the intracranial pressure raised equal the systolic blood-pressure, 
shown Cushing. 

Our experiments with concussion acceleration, however, give very 
different picture, for they demonstrate that the rise intracranial pressure 
accompanying experimental concussion negligible terms systolic 
blood-pressure. Thus, with sensitivity recording capable showing 
respiratory variations and cardiac pulsation, the increase intracranial 
pressure the moment injury not more than cm. water 
(figs. and even not shown all (fig. possible that the small- 
ness the skull opening, the length tubing, and slowness the record- 
ing system have used minimizes the very rapid fluctuation that occurs. 
The same apparatus, however, shows very large excursion the intra- 
cranial pressure subjected sudden shock-like increase similar 
blow the bare dura (figs. and 31). 

the manometer opening directly opposite the part skull struck 
momentary lessening pressure occurs, right-angles momentary 
increase absence change. The opening the skull, however, inter- 
feres with the physics the disturbance, also the early experiments 
Chipault and Braquehaye (1895) who demonstrated these changes. 
therefore believe that though considerable distortion the brain inside 
the skull may occur, rise general intracranial pressure not essential 
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Fic. 24.—Cat, nembutal Respiration, femoral blood-pressure, and 
intracranial pressure (smaller scale, mm. mercury). show the effect ap- 
plication high intracranial pressure from Relative position lever shown 

Fic. 25.—Cat, nembutal 0-035 Records fig. 24. show the effect 
brief applications increased intracranial pressure (for scale pressures see fig. 26). 

Fic. 26.—Same experiment fig. 25. show effect various rates and 
degrees change intracranial pressure (for scale blood-pressure see fig. 25). 
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feature concussion acceleration (or deceleration) type. Subsequent 
small changes that occur are referable either increase blood-pressure, 
fig. venous congestion, fig. but these are only seen when 
the pressure low. All other changes are due hemorrhage. 

view the effect increasing intracranial pressure the respiratory 
and vasomotor centre interest compare this with the effects 
“experimental acceleration concussion.” have repeated the experi- 
ments Cushing, Francois-Frank (1877) and others, and find that the rise 
blood-pressure reported Cushing (1901) begin when intracranial 
pressure equals systolic blood-pressure, found only the increase 
intracranial pressure produced relatively slowly (fig. 24). more rapid 
increase similar degree causes only slight acceleration respiration, 
until sudden failure respiration and blood-pressure occurs (fig. 26). 
sudden increase intracranial pressure produced injecting into the 
extradural space air fluid pressure 100 mm. (30 cm. water) 
and then the pressure zero within one second, has usually 
effect (fig. a). this increase prolonged for two ten seconds 
there may again effect (fig. a), though occasionally brief fall 
blood-pressure occurs (fig. followed rapid recovery de- 
scribed (1877). Prolonged pressure made suddenly this 
way may result death from respiratory failure with steep fall blood- 
pressure. The rapid small pulse vagal paralysis begins with the fall 
blood-pressure. two experiments this failure occurred even the pres- 
sure were released within five seconds onset (fig. 26). these cases 
found the medulla and cerebellar vermis herniated into the foramen 
magnum, and consider this herniation responsible for the phenomenon. 
Herniation also explains why certain speed application pressure 
effective whereas slightly slower even very rapid, but greater, pres- 
sure without the dramatic effect blood-pressure. The medulla must 
driven firmly into the foramen. The phenomena concussion 
induced acceleration were found not altered the application 
pressures cm. water within thirty seconds the blow. The 
application sudden extradural pressure equalling systolic blood-pressure 
this period brings about abrupt cessation the rise blood-pressure 
and the respiratory slowing concussion and replaces them with the 
sudden fall blood-pressure and acceleration respiration due pressure 
change. Thus pressure effect can completely reverse concussive effect. 

momentary large increase intracranial pressure made with 
great rapidity, phenomena similar experimental concussion occur (fig. 
28): the corneal reflex lost, respiration misses one more beats, with 
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inspiratory spasm and there small shallow rise blood-pressure. 
get this result was necessary give hard and rapid blow the plunger 
syringe containing air and connected short piece pressure tubing 
opening the skull. 

The cerebrospinal fluid can therefore made experimentally 
transmit mechanical shock the brain such way induce 
effect closely resembling that observed acceleration concussion, but 
differing that respiration more sensitive this con- 
cussion,” the corneal reflex recovers later than the pinna reflex, and rise 
blood-pressure much smaller and less steep. Further, this disorder 
progresses death only when intracranial pressure prolonged for more 
than period about two seconds. Death under these circumstances 
due herniation the foramen magnum. rise pressure this 
degree could arise from crushing injuries great severity, the experi- 
ments Scott (1940), but has been already emphasized, experiments 
with this type injury throw little light problems human 
concussion, and are therefore highly misleading this connection. The 
effect sudden acceleration the head may accompanied some 
displacement the intracranial contents, but the rise general pressure 
not sufficient mediate the nervous effects obtained. 

propose apply the term compression concussion the variety 
abolition reflexes momentary compression. evident that 
compared with acceleration deceleration concussion the nature 
physical violence different kind, and, though high rate change 
required and the same centres are affected, there different selective 
incidence. The importance compression concussion seen penetrat- 
ing injuries the skull, the occurrence depressed fracture, which 
will referred the section dealing with traumatic lesions. 


Fic. nembutal 0-022 g.p.k., with vagi sectioned and carotids tied. 
Respiration, carotid blood-pressure, intracranial pressure (scale water near 
end figure) and, below, plethysmograph record intestinal volume pr. Heavy 
occipital blow arrow. Corneal reflex recovers pinna reflex 

Fic. 28.—Cat, nembutal 0-034 g.p.k., respiration, femoral blood-pressure and in- 
tracranial pressure. each arrow the handle syringe containing air, connected 
the extradural space, was struck rapid blow with hammer. The blows 
and are progressively more severe. After further blow the corneal 
reflex was tested and found absent, returning 

Fic. 29.—Cat, nembutal 0-032 g.p.k. Respiration, femoral blood-pressure and 
intracranial pressure (scales pressure fig. 30). show the effect occlusion 
the jugular veins for the duration the signal marking and again 

Fic. 30.—Same experiment fig. 29, showing effect percussion the bare 
dura high velocity the arrow. The pinna reflex returned the corneal 
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(8) The Nature Acceleration Concussion. 


Our investigations have demonstrated that the effects blow 
which fails fracture the skull produce hemorrhagic lesions, rise 
general intracranial pressure negligible degree. The effects produced 
differ from those resulting from cerebral compression. may therefore 
set aside for the moment the question compression concussion, and return 
the phenomenon acceleration concussion.” 

have found that this disturbance nervous function which 
requires certain intensity injury, adequate stimulus, other 
nervous reactions. The threshold related movement the head, and 
expressed sufficient rate change velocity the head. The change 
may positive negative (acceleration deceleration), though our ex- 
perimental method has involved the former. The necessity for movement 
requires also that the brain must move. Experiments with fixation show 
that distortion the skull secondary factor. 

imagine that this means that, though physicists maintain that the 
watery brain should act solid the speeds blow used, there must 
fact flinging movement the brain within the due inertia. 
Otherwise the necessity for movement would not arise. interest 
this connection that LeCount and Apfelbach (1920) and Vance (1927) 
have noted that contre-coup lesion also requires that the head must 
moved moving, and not held fast against solid resistance the time 
injury. believe that considerable distortion within the skull must 
therefore occur, with tendency condensation one side and separation 
the other the manner indicated Chipault and Braquehaye (1895). 
Further than this there evidence. 

Concussion produced this way affects the brain-stem. There 
reason suppose that the effect limited this region. Slightly more 
severe injuries produce lesions both here and elsewhere, and though the 
mechanism concussion and production lesions are not necessarily 
identical, the inference that distortion widespread. 

may now turn the nature the nervous reaction. has been 
shown that below the threshold rate change velocity which have 
measured nervous effects are also produced. These subconcussive effects 
are found such are caused stimulation the vago-glossopharyn- 
geal mechanism. They are not such conscious man would termed 
concussion Trotter’s definition. They would agree very well with the 
phenomenon knock-out blow boxing, where the knees sag slowly, 
retrograde amnesia usually absent, and complete recovery occurs within 
seconds. From our observations monkeys 
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with Dr. Zuckerman concluded that momentary abolition the corneal 
reflex was essential feature traumatic loss observable reaction,” 
stunning. This lacking subconcussive effects. 

Immediately intensity injury sufficient abolish reflexes 
reached, concussion occurs, whether judged loss corneal, pinna 
swallowing reflex, loss reaction the decerebrate automaton 
loss reaction the intact lightly animal. All these spon- 
taneous and reflex reactions have examined, are lost together when the 
intensity speed the injury reaches certain degree. 

Experimental concussion may therefore defined the occurrence 
immediate traumatic paralysis reflex which occurs the 
absence visible lesions the nervous system. Subconcussive blows, 
the other hand, depress but not abolish these reflex functions. The 
duration complete paralysis following concussion has been shown above 
vary for the different reflexes. The recovery general reaction the 
animal takes longer than the recovery corneal reflexes. the intact 
monkey grasp and struggling movement did not occur until twenty 
seconds after recovery the corneal reflex one instance observed, fifty 
seconds another. 

reaching the above definition, have neglected the respiratory and 
vasomotor mechanisms. If, however, maintained inspiratory spasm and 
loss expiration are accepted evidence paralysis the respiratory 
centre, the threshold for its traumatic paralysis identical with that for 
the other reflexes, while the duration total paralysis usually only 
approximately half that the corneal reflex. Thus series observa- 
tions the decerebrate animal (figs. and 13) the respiratory paralysis 
mild concussion very transitory (three five seconds), but with slightly 
increased intensity blow becomes more prolonged, and may last ninety 
seconds more (cf. fig. Recovery then gradual, compared with 
the abrupt return full respiration following vagal inhibition alone. 

the stage paralysis few rapid gasps may occur. These are brief 
inspirations, whereas the first recovering respirations after paralysis are 
brief expirations (figs. 12, and 16). The nature these gasps open 
speculation, but would point out that they are usually concurrent 
with intensification slowing the heart when the vagi are intact (figs. 
and 15) and view them evidence that there has been sufficient 
recovery the respiratory mechanism for the effect strong vagal stimula- 
tion affect it, whereas the rhythmical function respiration has not yet 
returned. Recovery from the reflex paralysis gradual corneal, vibrissal, 
and swallowing reflexes, and also respiration. 
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The stage paralysis, seen the respiratory mechanism absolute 
only deep very severe and fatal concussion. other 
circumstances the thoracic wall and diaphragm show not only the initial 
inspiratory start, but also maintained inspiratory posture while respira- 
tions are absent. interpret this evidence that all but the most 
severe degrees concussion the respiratory mechanism suffers reflex 
paralysis, but itself excited. Thus the centre from arterial 
occlusion the respiratory centre manifestly stimulated. Increase fre- 
quency rhythm then accompanied maintained inspiratory pos- 
ture. This occurs less degree when the centre stimulated sub- 
concussive blows. The essential feature concussion traumatic loss 
reflex rhythmic function, with gradual recovery. Only severe concus- 
sion does this condition extend complete traumatic paralysis (complete 
flaccidity thorax and abdomen). 

The argument can also applied the course events the vaso- 
motor mechanism concussion. The vasomotor centre stimulated 
concussion, and the same time not influenced reflex channels. 
difficult gauge accurately the effect given vasomotor reflex 
the height concussion, but have observed the gradual emergence 
vasomotor response stimulation peripheral nerve some minutes 
after concussion. The centre suffers reflex paralysis while still discharg- 
ing impulses causing maintained rise blood-pressure. The discharge 
may cut short suddenly high intracranial pressure, but only 
directly suppressing the centre. will noted that apart from the per- 
sistent bradycardia which disappears only very gradually after concussion 
there loss first the normal sinus rhythm and respiratory fluctuation 
blood-pressure, and that these recover suddenly many seconds after the 
recovery respiration (fig. x). This recovery normal relationship 
between respiratory vagal vasomotor mechanism marks the resumption 
reflex vasomotor function, and this point that the centre begins 
react reflex stimulus. the blood-pressure has been unduly high 
there occurs this point abrupt fall, unduly low, abrupt rise 
followed slow Traube-Hering The pulse pressure lessens 
abruptly. This points resumption vasomotor adjustment. 

this way also the complex motor phenomena concussion can 
explained. Following the start reflex postural tone abolished con- 
cussion and recovers only gradually. The motor centres the pons suffer 
reflex paralysis and gradual recovery. Early this process, however, 
strong vagal stimulation, still present, can evoke passing muscular 
spasm and thus break through the phase absent function: the 
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observer holding limb the animal the momentary limpness between 
start reflex and vagal spasm may all that appreciable feel. This 
limpness represents the phase complete paralysis. 

Thus, whereas Polis (1894), from his studies respiration 
pressure experimental concussion concluded that the vasomotor centre 
was the more resistant trauma, find parallel sequence events 
all centres examined. Concussion phase traumatic reflex paralysis, 
which becomes complete paralysis only very severe. Direct stimulation 
the individual centre accompanies the phase reflex paralysis and 
this time though corneal and other brain-stem reflexes are unobtainable 
twitchings the and other facial musculature are common, in- 
dicating direct stimulation the motor nerve cells. The principle may, 
therefore, our view extended all the nervous intracranial 
mechanism. 


LESIONS. 


intensity blow the head slightly greater than that which causes 
concussion causes more grave disturbance, and lesions are 
then sometimes found section the brain. These lesions are several 
kinds. very severe blow may cause contusion the hemisphere under 
the portion the skull struck, contre-coup under the pia- 
arachnoid, subdural epidural effusion blood, subarachnoid effusion, 
and punctate petechial hemorrhages the brain-stem. All these have 
been figured Duret (1878, 1920) experiments the dog. Fracture 
the skull common with this intensity blow. One more these 
lesions may, however, occur without fracture, and interest examine 
their relationship the-course events described concussion. 


(i) Petechial Hemorrhages the Brain-stem and Cervical Cord. 


The condition extravasation commonly called cerebral 
contusion consists area damaged brain containing multiple punctate 
The small punctate hemorrhages found the brain-stem 
are identical nature, and are regarded evidence lesser degree 
cerebral contusion. the experimental animal these punctate lesions are 
sometimes found the roof the 4th ventricle, under the pia-arachnoid 
the first cervical segments, and cross sections the medulla, cervical 
cord and occasionally the pons. has been emphasized, death may occur 

the absence any such lesions. These hemorrhages and around 
the brain-stem may the only lesions found careful examination 
the fixed brain thin sections, though more usually they are accompanied 
some contusion the hemisphere under the point struck. They are 
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visible the naked eye careful inspection. They probably indicate 
displacement distortion that region during the blow, and they are 
very similar, not identical with, those which may produced 
sudden and severe increase intracranial pressure. Lesions produced 
the latter method, however, have commonly involved the pons and lining 
the aqueduct, whereas are rare these situations from 
blow the head the type have been using, where crushing the 
skull avoided. 

The disturbance related the appearance contusion the brain- 
stem shown fig. large rise blood-pressure with inspiratory 
spasm indicates the occurrence concussion; respiration is, however, 
quickly renewed. After two respirations normal intervals there com- 
plete failure, not retrieved artificial respiration forty-five seconds later, 
while the blood-pressure still well maintained. Failure blood-pressure 
occurs the same manner severe uncomplicated concussion (cf. 
fig. 21). The delayed failure respiration the striking feature, and this 
attributable the development hemorrhages the brain-stem. The 
brain this case showed bilateral subdural small contusion 
the right parietal region, subpial round the cervical cord 
C3), small clot blood the 4th ventricle and multiple petechial 
the medulla, pons and the second cervical segment the 
cord (figs. and 39). 

had one instance sixty experiments where petechial 
occurred the medulla alone, associated only with very small contusion 
under the brass piece for recording intracranial pressure. this animal 
there were the usual features severe concussion similar those seen 
fig. but there was only partial recovery gasping respiration from 
the 30th 150th second after the injury. The blood-pressure declined 
steadily with occasional extrasystoles, and had reached half the previous 
value when failure respiration occurred. The corneal reflex then failed 
though the pinna reflexes remained the end, when slow extension the 
limbs gave way asphyxial convulsion with gasping. The record intra- 
cranjal pressure shows delayed small increase pressure which reaches 
its maximum just the secondary failure respiration begins. This 
possibly indicates, therefore, the time relationship the development 
the lesion. section the brain one very small was found 
the upper medulla near the raphe (fig. doubtful this very. 
minute lesion the subpial hemorrhage account for the failure, which was 
similar that shown fig. without lesion any kind. 

have found petechial hemorrhage more frequently the upper 
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segments the cervical cord than the medulla. characteristic example 
was found after disturbance exactly comparable with that shown fig. 
Severe concussion the nembutalized cat with loss corneal and pinna 
reflexes for thirty seconds and prolonged vagal slowing the heart, was 
accompanied delayed secondary failure respiration with small 
abdominal respiratory movements from the 25th the 110th second after 
the injury: recovery thereafter was uneventful. The brain this case 
appeared normal externally except for very small parietal contusion under 
the intracranial tension recorder, and another the anterior cerebellar 
vermis. section very small petechial the grey matter 
the cord the level C2, and very small pin-point 
the roof the 4th ventricle were found. delayed small rise intra- 
cranial pressure showed the delayed development the lesions, and this 
reaches its maximum the time failure respiration. These lesions 
were held responsible for the delayed embarrassment respiration, though 
complete recovery ensued. The animal was killed bleeding. 

macaque monkey, experimental concussion following normal 
course but with persistent fall blood-pressure before recovery occurred 
(Experiment No. 37, described earlier, 23), although autopsy and section 
revealed lesions the form two petechial hemorrhages the grey 
matter and dorsal column the spinal cord the level (fig. 44). 
may concluded, therefore, that the development few small 
petechial hemorrhages the grey matter the medulla and especially 
the upper segments the cervical cord common complication 
severe concussion. These hemorrhages have been noted Jakob (1912), 
who, however, found them only long intervals after injury. Any effect 
referable this complication our experiments has been embarrass- 
ment respiration appearing interval after the injury some twenty 
seconds. Such lesions are, therefore, not necessarily fatal effect, and 
delayed interference with respiration may may not recovered from 
the ensuing ten seconds according the severity and situation the 
hzmorrhage. has been explained above that such delayed embarrass- 
ment respiration often occurs the absence lesions. Periodic breath- 
ing indicates the occurrence severe medullary lesion. 

now turn the record the effect very severe hammer blow 
the occiput such recorded fig. will seen that the course 
events too rapid admit the effect secondary failure respiration 
being demonstrated, for vasomotor failure has fully developed seventy 
seconds after the blow. There recovery corneal other reflexes. 
convulsion occurs from the tenth the thirtieth second after the blow, 


J 
> 
7 
pay 
| 
3 


146 DENNY-BROWN AND RITCHIE RUSSELL 


last sign activity the nervous system. The only lesions this 
case were small subpial over the right side the pons and 
the cervical spinal cord the level (fig. 35), and petechial 
rrhages the posterior horn the grey matter both sides the cord 
the level and C2. There was damage the medulla other 
part the brain-stem and cranial fracture. Such lesions probably 
aggravate the concussion, and may assumed taking effect from the 
25th second indicated the rising pressure experiments such 
that shown fig. 33. this time, however, bulbar failure already 
evident direct result the concussion, that the petechial lesions are 
probably unimportant factor actually causing death this animal. 

found that subpial hemorrhage around the brain-stem and cord 
the type shown fig. often indicates underlying petechial hemorrhage, 
and sections such that shown fig. show that the extravasated blood 
has forced passage the surface from superficial petechial hemo- 
some cases the subpial hemorrhage had ruptured into the 
subarachnoid space, that moderate subarachnoid was 
caused very small lesions the brain-stem, without damage cerebral 
hemispheres larger arteries. This phenomenon indicates that the mild 
subarachnoid hemorrhage very commonly observed after head injury 
man (Russell, 1932) does not necessarily indicate focal lesion hemi- 
spheres larger vessels. 

The mechanism the production petechial has been 
discussed various authors since the time Richard Bright who 
first described them. regard them being equivalent the 
rhage more fully developed contusion, and the result direct distortion 
small vessels vascular networks distortion the brain-stem due 
inertia. There difference between the hemorrhages following 
compression and those following acceleration concussion. The histological 


appearance, particularly white matter (fig. 42) often strongly suggests 


diapedesis with cortical necrosis the vessel, when the animal has been 
killed immediately bleeding. therefore consider that such lesion 
must immediate and that prestasis, stasis and diapedesis could not have 
time occur, and presume that this appearance due squashing 
length vessel. The blood forced along lines least resistance, that 
often spreads along nerve fibres, giving very characteristic appearance 
over the substantia gelatinosa Rolands (fig. 44). Their occurrence 
around the lower medulla and cord indicates transmission the mechanical 
disturbance the blow this region. find reason suppose that 
when they accompany acceleration concussion they are the product 
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wave cerebrospinal fluid pressure transmitted from the cerebral ventricles 
and cisterns the medulla, Duret (1878, 1920) proposed. Indeed they 
are most commonly found only the uppermost three segments the 
cervical spinal cord, where such fluid waves could have little effect. 
have also found them after experiments with the decerebrate preparation 
where there can such wave, Kocher (1901) relates fatal case 
human head injury where the patient was not concussed but where Duret’s 
lesions were found. One (Denny-Brown, 1940) has described cases 
with medullary symptoms from head injury without concussion. 
Petechial therefore, cannot regarded simply severe 
manifestation the mechanism concussion. 

The sudden acceleration imparted the brain severe head injury 
the type are considering sets complicated series strains and 
distortions within all parts the brain and adjacent cervical cord. 
reasonable, believe, consider that hemorrhagic lesions, wherever they 
occur, are result these forces. might argued that sudden flexion 
the head could these lesions, but these experiments 
the degree head flexion allowed was small that was unlikely 
have any such effect. 

our view petechial hemorrhages, like cerebral contusion, indicate 

localized stress and strain (distortion) the vascular structure the 
brain, opposed the cellular stresses concussion. 


(ii) Contusion the Cerebral Hemispheres. 


remarkable how great intensity head injury required 
cause contusion the cerebral hemisphere the cat. number 
experiments with fatal head injury, the only evidence contusion was 
very small area under the brass piece screwed into the calvarium record 
intracranial pressure. found that mm. opening were carefully 
bored the skull without injury the dura, small contusion would 
often found under after heavy blow the distant occipital region. 
There was indication, however, that these small lesions influenced 
any way the course events, which differed way from those 
observed from simple concussion, without lesion any kind. 
rrhages around one more cranial nerves their exit from the skull 
were noted Miles (1892), severe experimental injury, and though 
have not seen them our experiments, our observations the effects 
small foramina the skull indicate that distortion may occur such 
points. 

localized contusion the cerebral hemisphere can readily obtained 
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striking the bare dura after trephining. some such experiments 
area dura mm. diameter was carefully exposed trephining, and 
was subjected rapid blow with smooth metal projection from the 
pendulum, the latter being prevented stop from penetrating more 
than limited distance. The effect such blow, depressing the dura 
mm. shown fig. 30, where will seen that high spike 
increased intracranial pressure occurs, without subsequent change. The 
resulting cerebral contusion shown figs. and 43. There rise 
blood-pressure such occurs after concussion, but respiration shows 
inspiratory gasp and slowing for five subsequent respirations, and the 
pinna reflex lost for sixty seconds, the corneal reflex for seventy-five 
seconds. Recovery was then complete. There was lesion the brain- 
stem upper cervical cord. 


-20 


Fic. 31. 


Fic. 31.—Cat, nembutal 0-041 g.p.k. Respiration, femoral blood-pressure and 
intracranial pressure. the arrow the pendulum strikes the bare dura, velocity 
ft. per sec., penetration mm. Head held still. piece record covering 
seventy seconds omitted. The corneal reflex recovers the pinna 


This effect respiration similar that already described with 
very sudden momentary increase intracranial pressure shown fig. 
concussion which could caused without cerebral 
contusion. The effect this type injury, therefore, appears 
associated simply with the depression caused the dura the blow. 
other experiments this type delayed rise cerebrospinal fluid pressure 
cm. water occurred and reached maximum two minutes after 
the injury, thereafter declining. This small change held indicate the 
actual occurrence the small ball the contused area. 
Such change intracranial pressure without effect blood-pressure, 


PLATE 


Fic. 34.—Naked eye appearance medulla and pons sections from experi- 
ment (fig. 8), after fixation, show petechial 

Fic. 35.—Ventral view brain from experiment (record fig. 2). 

Fic. 36.—Naked-eye appearance the contusion the hemisphere experi- 
ment (record fig. 30). 

Fic. 37.—Appearance the contusions experiment (record fig. 31). 

Fic. 38.—Four slabs fixed brain, show the contusions experiment 
(record fig. 33). 


illustrate article Denny-Brown and Ritchie Russell. 


3 
>a 


‘ 


PLATE VI. 


7 


Fic. 39.—Section spinal cord level experiment (cf. figs. and 34). 


and eosin. show petechial hemorrhages dorsal horn grey 


matter. 
Fic. 40.—Section medulla experiment show small petechial 


rrhage, the only one found section, this experiment. 
Fic. 41.—Section spinal cord from experiment (record fig. 11), about 


level C3. and eosin. 
Fic. magnification hamorrhage dorsal column left fig. 41. 


Fic. 43.—Section contused area hemisphere experiment 14, shown fig. 


36. 
Fic. 44.—Section petechial hemorrhage dorsal horn grey matter 


experiment (tracing fig. 9). and 


illustrate article Denny-Brown and Ritchie Russell. 
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respiration reflexes. Thus whereas regard the ring 
the type seen figs. 40, immediate, larger collections 
blood the ball type (fig. 43), the main fig. 44, develop more 
slowly from the ruptured vessel. The animal was here killed ten minutes 
after the injury. 

greater penetration the striking object were allowed the dura was 
ruptured and the brain penetrated. The resulting course events 
instructive. Fig. shows the effect momentary penetration the 
striking blunt object for distance about mm. speed ft. 
per second, the striker being immediately withdrawn the bounce the 
pendulum against its stop. very severe concussion caused. The 
corneal reflex abolished for five minutes, and respiration abolished for 
fifty seconds, and returns gradually. very large rise blood-pressure 
followed periodic bouts Traube-Hering waves for twenty minutes. 
All reaction stimulation cutaneous nerve lost for fourteen minutes, 
and the blood-pressure slowly declines mm. fifteen minutes, and 
mm. after twenty-four minutes. rise intracranial pressure 
some cm. water occurs gradually the first two minutes but not 
high enough affect the course recovery blood-pressure and respira- 
tion occurring that time though the rhythmic Traube-Hering waves are 
due it. Thereafter the intracranial pressure slowly falls cm. 
water the next sixteen minutes. have found other experiments 
that the artificial increase intracranial pressure cm. water had 
evident effect the post-concussion period, except one animal suffer- 
ing from severe shock. 

Slow cutting bruising whole hemisphere may accomplished 
without disturbing the blood-pressure respiration, provided that sudden 
increase intracranial pressure avoided, Polis (1894) and others have 
shown. The extensive contusion caused the above experiment con- 
sidered, therefore, have had effects blood-pressure and respiration only 
far the concussive effect the blow concerned. Besides the 
large contusion caused the right parietal region with softened hernia 
through the dural opening (observed appear the first four minutes, 
fig. 37), there was small contusion under the pressure recorder the 
left parietal region, subpial over the pons and medulla, and 
subarachnoid hemorrhage the basal cisterns. The brain-stem was 
therefore contused the blow, though petechial were 
found the medulla cervical cord. The effect observed may, therefore, 
related the piston-like action the pendulum the moment this 
type injury, which must cause very rapid rise and fall intracranial 
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pressure, with compression concussion the intracranial contents. The 
contusions which resulted are the orifices the skull, namely the 
foramen magnum and the trephine opening for the pressure recorder over 
the opposite (left) parietal region. The resulting concussive effect con- 
sidered due this pressure fluctuation, and not the hemorrhages, 
which have more delayed effect. Such hydrostatic change from penetrat- 
ing injuries was discussed Duplay (1868), Bergmann (1880) and others 
past treatises the mechanism fracture the skull. our experi- 
ments the effect the brain occurs without skull fracture. 

The differentiation the immediate effect concussion from the de- 
layed effects contusion shown greater degree another experi- 
ment, where large contusion was caused momentary penetration 
plunger depth mm. within the skull. The animal was more 
deeply anzsthetized than usual, that the corneal reflex was not obtain- 
able and the blood-pressure was low. The injury caused small rise 
blood-pressure and respiratory arrest for forty seconds (fig. 32a), followed 
rapid recovery. There were vagal effects. The intracranial pressure 
began rise after the first minute and continued rise steadily, but owing 
leak the recording system the record qualitative and does not 
represent actual values. After two and half minutes inspiratory spasm 
and was followed failure. blood-pressure now rose 
steadily for three minutes (fig. 328) and commenced the slow swings 
high pressure with intermittent gasping respiration, which Cushing (1901) 
established indicative the critical relationship between intracranial 
pressure and diastolic blood-pressure. The intracranial pressure continued 
increase for nine minutes. The lesion this case was very severe 
contusion with laceration the hemisphere, and reaching the ventricle 
with hemorrhage into all ventricles and around the medulla and cervical 
spinal cord. petechial hemorrhages were found sections the brain- 
stem and cervical cord. 

The lesions described above were produced blow the bared 
dura without movement the skull, and has been demonstrated, this 
type injury, severe, has concussive effect due the shock-like fluctua- 
tion intracranial pressure which produced. apparent that the 
mechanism this penetrating injury different from that which caused 
uncomplicated concussion the experiments the intact skull de- 
scribed earlier. Further, the mechanism not that the usual type 
closed head injury man, though bears relation that which occurs 
penetrating wounds large volume and crushing injuries severe 
degree. From clinical observations man have often observed, 
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the other hand, that when very small objects (such fragment bomb) 
penetrate the skull and brain high velocity, there immediate loss 
consciousness other manifestation concussion, but only contusion 
the path the penetrating object. 

The usual mechanism cerebral contusion with closed head injury 
man indicated the animal experiment recorded fig. 33a, where 
particularly severe occipital blow caused deep concussion which was indi- 
cated loss corneal reflex for five minutes fifteen seconds, abolition 
respiration for ninety seconds, followed gradual increase frequency 
expirations, and high rise blood-pressure lasting three minutes. There 
was little evidence shock, though vasomotor response stimulation 
cutaneous nerve was abeyance for ten minutes (fig. rise 
intracranial pressure was partly due small extradural hemorrhage. 
There was smail parietal contusion (fig. and and smaller 
contusion the cerebellum (fig. and Contusion the cere- 
bellum common the cat following occipital blows, owing the loca- 
tion the organ directly under the occipital prominence. There was 
lesion the brain-stem cervical cord. The disturbance resulting from 
this injury may regarded due severe concussion associated with 
slight and inconsequent rise intracranial pressure. 


conclude, therefore, that the accumulation hemorrhages which 


form cerebral contusion the hemisphere develop interval 
one three minutes after the blow, and are effective causing general 
disturbance cerebral function only their pressure effects, which are 
usually slight. have not followed the effect these lesions for periods 
longer than one and quarter hours after moderate concussion with 
contusion. that time the increased intracranial pressure subsides very 
gradually, and the only other event note small fall blood-pressure, 
maximal after fifteen minutes, with recovery the following fifteen 
minutes. possible that after longer interval may appear, 
though have not found pressure changes other than those attributable 
the extravasation blood. 


Depressed Fracture. 


this point convenient consider the mechanism simple 
depressed fracture. The several instances this our series were usually 
due softness the skull, either unusual finding the cat, more 
commonly the monkey where, addition, lack bony buttresses 
renders the parietal region more liable fracture. When blow causes 
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Fic. nembutal 0-032 g.p.k. Respiration, femoral blood-pressure and 
intracranial pressure. Heavy hammer blow plunger bare dura the 
arrow. Renewed cessation respiration accompanies rising intracranial 
pressure (recorder qualitative only and fall due leak. 

Fic. a.—Cat, nembutal 0-041 Respiration, femoral blood-pressure and 
intracranial pressure. Light hammer blows occiput and Heavy blow 

small signal sluggish corneal reflex returned. vasomotor reaction stimu- 
lation the post. tibial nerve was just returning. 
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depressed fracture immediate concussion often absent. This 
accordance with clinical experience, and presume that the giving” 
the skull softens the blow and reduces the instant acceleration 
the skull whole. 

The occurrence delayed effects depends the severity the under- 
lying cerebral contusion, and the possible damage meningeal blood- 
vessels. With slight depression the parieto-occipital region the cat 
compression concussion may occur. The corneal reflex then abolished 
for ten thirty seconds after the blow, and the pinna reflexes commonly 
recover earlier than the corneal. The rise blood-pressure slight and 
followed late slow fluctuations, each lasting some thirty seconds, 
the manner seen fig. 32a. Cessation respiration may brief, but 
often prolonged, and followed increase frequency. These changes 
indicate mild concussion the type seen after sudden pressure increase. 
The intracranial pressure shows sudden rise followed more gradual 
increase for forty seconds. The initial rise due the depressed fracture, 
while the delayed rise associated with the formation small parietal 
contusion. There was naked-eye evidence damage the medulla 
pons. 

The piston plunger effect the depressed fracture can therefore 
cause compression concussion similar that obtained the experiments 
with concussion syringe connected the intracranial cavity. more 
severe depressed fracture the skull results both greater piston effect, 
and greater contusion. example shown fig. Here mild 
concussion with loss corneal reflex for forty seconds followed 
immediate slowing respiration with gradual failure after one hundred 
seconds. The blood-pressure then fails simple asphyxia. this case 
there were subpial and intramedullary petechial hemorrhages the cord 
from 3rd 6th cervical segments (fig. 41). There was visible damage 
the medulla brain-stem. The parietal cortex under the small depressed 
area parietal bone was lacerated with slight contusion. The intracranial 
pressure was not measured. The picture here was therefore that 
mild concussion followed delayed failure respiration type 
expected from bruising the upper cervical cord. There had been 
direct damage the neck the stroke the pendulum. 

evident, therefore, that our earlier experiments the pro- 
duction cortical contusion striking the bared dura, with depressed 
fracture the skull, increase degree injury results death from 
cervico-medullary lesions. Further, not the residual increase intra- 
cranial pressure that kills this group, but the distortion the foramen 
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magnum the moment entry into, encroachment upon, the cranial 
cavity the striking object. This phenomenon seems identical 
with that which results the finding medullary contusion following 
penetration the frontal lobes bullet (Von 1904, quoted 
Duret, 1920, and Denny-Brown, 1941). 

The frequency with which workers experimental head injuries have 
produced medullary lesions is, our opinion, due their method 
producing the injury, striking downwards the head lying hard 
surface: this type injury produces depressed fractures, and other crush- 
ing and distorting effects the skull, and produces the plunger effect 
which have been referring. 


(iv) Contre-Coup Lesions. 


These lesions have been infrequent our experiments, but when 
present have taken the usual form wide area subpial hemorrhage 
with absent infrequent lesions below the surface the cortex. 
have not seen them when the head has been fixed the moment injury. 
LeCount and Apfelbach (1920), Vance (1927) and Munro (1938) have 
already noted human material that contre-coup lesions are found only 
when the skull has moved when struck. The disturbance caused that 
small cerebral contusion. Their mechanism is, therefore, closely 
related the physical forces which mediate acceleration concussion. Their 
nature indicates cleavage between pia and cortex, strongly suggestive 
suction effect the moment injury. The occurrence such lesions 
indicates that the degree acceleration required for their production 
and the occurrence concussion, the brain, albeit incompressible, suffers 
appreciable displacement due its inertia fling,” even the point 
appearance momentary vacuum under the membranes opposite 
the point struck. This tendency indicated the early experiments 
Chipault and Braquehaye (1895). relation skull fracture they speak 
raising the skull opposite the point struck, tendency the skull 
move before the brain, and Munro (1938) has pointed out that this 
indicates inertia the brain. Russell (1932) has postulated the equiva- 
lent momentum the brain with similar potential vacuum the type 
injury when the moving head strikes fixed surface. LeCount and 
Apfelbach (1920) postulate double injury; contre-coup contusion the 
moment stopping the moving head with impact opposite the original 
point struck. This explanation does not apply our experiments where 
final deceleration softened 
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Concussion commotio cerebri, clinical phenomenon man, 
defined relationship immediate loss consciousness resulting from 
trauma the head, with retrograde amnesia. Clinical study has estab- 
lished the general parallelism between intensity blow and duration 
loss consciousness point which the issue complicated the 
appearance cerebral lesions. While many argue that the phenomena 
concussion must the effect vascular lesions, others see concussion 
traumatic disorder function not accounted for such lesions are 
demonstrated. The problem well summed Jonathan Hutchinson 
(1877), who remarks are asked: ‘Do you meet with death from con- 
cussion without lesion?’ and assumed that answer the question 
the negative equivalent admitting that concussion alone cannot 
cause death. Yet this being the truth conviction that 
considerable number head cases, fatal within periods few hours 
day two, die from the general effects the shake the cerebral 
mass. Lesions are found, true, but they are regarded, must 
repeat, indications the violence the shake, and not causes 
death, nor perhaps even serious complications.” 

Approach the problem means experiment labours under the 
difficulty defining states consciousness, coma stupor, particularly 
under animals. have, however, investigated the parallel 
disturbances general and reflex nervous reaction which are accessible 
the lightly anzsthetized and the decerebrate animal. Using method 
striking the which allows movement the head and avoids 
crushing type injury, have demonstrated. that accompanying the 
stilling stunning the lightly animal period 
paralysis the mechanisms the brain-stem. The decerebrate automaton 
suffers like paralysis, and the abolition general behaviour and mimetic 
responses gives complete imitation the objective 
signs human concussion. its lesser degrees the paralysis for reflexes 
only, severe degree absolute. appears reasonable assume that 
conscious and intellectual function man suffers from the same transient 
paralysis which demonstrated experimentally the lower centres. 

The complex nervous manifestations head injury can therefore 
resolved into four degrees: excitation, excitation with reflex paralysis, 
excitation followed complete paralysis, and complete paralysis alone. 
These stages are most clearly manifest the respiratory mechanism, but 
there reason identify them other cerebral mechanisms. Concussion 
synonymous with traumatic paralysis, whatever type. believe 
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that these changes are applicable, not only this that centre, but 
the neurone general. They are the fundamental reactions physical 
stress. 

find evidence support vestibular other reflex origin for 
the disturbance concussion, and evidence vascular spasm stasis 
the brain. lesion observable under the microscope with 
oxylin-eosin scharlach need accompany it. Sections from the hemi- 
spheres the animals used the experiments for figs. and 
stained scharlach showed evidence fat embolism, for which 
any case much slower course, both evolution and resolution, 
expected. The existence concussion for brief periods with full 
recovery indicates reversible change degree and character not 
likely observed under the microscope. Repeated blows facilitate 
the phenomenon without facilitating the appearance vascular lesions, 
which indicates that prestasis not fundamental factor. closely 
imitated but means identical with the disorder cerebral function 
induced sudden abrupt fluctuation intracranial pressure 
pression concussion which must also have widespread physical effect 
nerve cells. The fundamental experiment Witkowski (1877) with 
the heartless frog appears negative the possibility that injury liberates 
chemical inhibitor the nervous system cause concussion, for re- 
covery this case would require renewal the circulation. This and 
our experiments venous outflow and intracranial pressure likewise 
deny the hypothesis transitory compression anemia advanced 
Stromeyer (1864) and advocated Kocher (1901), Trotter (1924, 1932) 
and others account for concussion usually observed man. Nor 
does the vascular engorgement noted the later stages concussion 
appear other than expression systemic vasomotor failure, 
primary vascular shock, which have demonstrated common 
sequel. Even this stage any slight increase intracranial pressure 
less than cm. water, such might expected from vascular engorge- 
ment, and not approaching the degree required the hypo- 
thesized some authors. Such further increase intracranial pressure 
have observed has been always traceable the occurrence menin- 
geal intracerebral 

induced stress. stress must general, and 
must reach certain critical speed application. correspondence 
with the laws physiological stimulus the rate which 
matters and not the absolute values. find that this applies com- 
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pression well change velocity. The stress clearly derived 
from the inertia the brain when the head accelerated, from its 
momentum when decelerated. Our investigation does not deny the possi- 
bility intracellular structural change, severe permanent inter- 
ference with highly organized nervous mechanisms. 

necessary distinguish clearly between concus- 
and compression concussion.” has been accelera- 
tion concussion depends the skull being subjected sudden change 
velocity, occurs most human injuries, and the effect produced 
directly proportional velocity the striking object, where other 
factors are constant. Under certain circumstances, however, have 
described many the above experiments, compression concussion 
may occur owing severe distortion the skull. For example, the ex- 
periments Scott (1940) were carried out striking the head, while 
was lying hard surface, with downward blow. found that 
blow sufficient force cause rise intracranial pressure 300 mm. 
mercury was required produce concussion under these circum- 
stances. The crushing effect this injury produces fractures, and 
obviously type injury which rarely occurs man, though have 
above referred one such case, with nine others when consciousness was 
not lost spite crushing the skull. This remarkable discrepancy 
has already been commented earlier paper one (Russell, 
1932). Whereas the occurrence distortion the skull during head 
injury not denied, and fact well established since the work 
Félizet (1873), the primary factor concussion rate physical change, 
concussion. 

acceleration concussion, the other hand, equal concussive effects 
are produced with much less force and negligible rise intracranial 
pressure. The essential factor acceleration (in positive negative 
direction) the production concussion has not been appreciated 
experimental workers the subject, and has led many confusing 
conclusions being propounded during the present century. 

The mode injury used most these experiments that com- 
monly termed head injury clinicians: the area impact 
being sufficient minimize penetration. Further, the striking object 
much heavier than the head that the latter takes least the full 
velocity the striker impact. 

The practical importance this observation related cushioning 
devices protect from head injury. The adequate stimulus must 
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applied interval time calculated much less than one- 

thousandth second. Any helmet with rigid suspension will transmit 

the force this period. Both practically and theoretically find soft 

yielding suspension fully effective slowing acceleration sufficient 

degree. The helmet should close fitting, for our experiments have 

shown, leverage the neck avoided, and even where this minimal 
small the cervical cord often occur. The same slow- 

ing the critical period attained the padding the standard 

boxing glove. 

the area impact reduced, point soon reached which 
penetration the skull occurs—a penetrating injury. has already been 
emphasized, this penetration lessens the degree acceleration which 
the skull subjected, that though penetrating wounds frequently cause 
severe local damage the brain, they often fail produce concussion. 

recently observed airman, large slice whose skull was 
burred sliced off fast-moving aircraft propeller. Here again the 
injury did not even cause momentary impairment consciousness, 
the high velocity the striking object acting simply knife without 
imparting acceleration the head. 

Injury the head therefore presents complex physical problems and 
the effects are dependent the elasticity and tensile strength the part 
struck, the shape, speed and weight the striking force, and the degree 
fixity the head the time injury. Though the course this 
discussion have been concerned mainly with the effect moving 
object striking the stationary head, should obvious (according 
elementary principle dynamics) that identical forces come into play 
when the moving head strikes fixed object. 

Our main objective this study has been define concussion terms 
nervous disturbance. have found that concussion traumatic 
paralysis, which when profound may last ten minutes when judged 
elementary reflexes, half hour when judged coarse vasomotor 
effects, without vascular lesion. There reason think, however, that 
the disorder consciousness due concussion alone may persist for 
much longer period, for well known, the recovery from traumatic 
stupor” the gradually lightening coma has been called (Symonds, 
1932), passes through phases semicoma and confusion far outlasting 
the period during which there paralysis the bulbar mechanism such 
the corneal swallowing reflexes. Bulbar paralysis (loss swallowing) 
the first stage concussion man was well known earlier writers 
(Hutchinson, 1877, and Gussenbauer, 1894). consider that pure con- 
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cussion can also account for prolonged period cerebral disturbance 
man. have further demonstrated that when the injury has pro- 
duced lesions, contusion meningeal the basic generalized 
cerebral disturbance concussion may present very severe form 
and alone account for the symptoms. Whether the fundamental pheno- 
menon termed concussion more severe the side which the head 
struck beyond the capability our method determine. Without 
such knowledge appears profitless speculate the hydro- 
dynamics its causation. 

Considerable confusion arises from differing uses the term con- 
cussion. Many clinicians use the term indicate mild head injury with 
impaired consciousness lasting for less than one hour, while when there 
more prolonged loss consciousness the diagnosis “cerebral con- 
postulated: may once stated that this latter group 
there often certain clinical evidence area contusion, that 
the distinction not based any firm clinical pathological evidence. 
For the purpose study began defining concussion traumatic 
paralysis neural function the absence lesions. its medullary 
effects can demonstrated experimentally coexist with, and 
distinct from, cerebral contusion. man such distinction more 
cult, and present accomplished negative evidence. the funda- 
mental mechanism can bring transient paralysis simple reflex 
mechanisms the principle can extended account for prolonged effect 
delicate mechanism such concerned the recovery full 
consciousness man. There often evidence show that contusion 
prolongs the concussive disturbance function; indeed the only effect 
observed from moderate contusion cerebral hemisphere our experi- 
ments has been slight rise intracranial pressure. Further support for 
this outlook provided the fact that clinical and pathological observa- 
tion man occasionally establishes the existence cerebral contusion 
without there being any obvious associated defect cerebral function. 

Increased intracranial tension often considered adequate cause for 
the occurrence prolonged stupor following concussion man, whether 
attributed cerebral contusion. has been shown, 
however, Ritchie Russell (1932) that though most cases this 
group the cerebrospinal fluid pressure raised, often about 300 mm. 
water, there are some which normal; while, the other hand, 
greatly raised intracranial pressure may observed during recovery 
from head injury when the patient fully conscious. Both our experi- 
ments and clinical observation man, therefore, indicate that moderate 
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increase intracranial pressure does not provide satisfactory explanation 
for prolonged stupor following head injury. Clinical observation there- 
fore supports our contention that prolonged stupor followed intellec- 
tual impairment and vasomotor instability may occur without visible 
lesion the brain result the same mechanism which causes 
momentary concussion. 

If, the deductions from our investigations indicate, concussion 
the direct effect physical stress neurones, and contusion the effect 
stress supporting vascular structures, the combination these dis- 
turbances many cases will offer difficulties electro-encephalographic 
analysis. area cerebral contusion, for instance, some neurones 
must suffer direct physical stress, though the generalized disturbance 
which results concussion need not have occurred. 

(1) Experimental concussion the cat, dog and monkey shows features 
rendering the phenomenon directly comparable with cerebral concussion 
observed clinically man. 

(2) can defined direct traumatic paralysis nervous function 
without vascular lesion, and persists for varying period according the 
type and severity injury. 

(3) Pure concussion can readily produced subjecting animal’s 
head sufficiently high rate change velocity (acceleration con- 
cussion). Concussion produced crushing injury, striking the head 
while supported hard surface (compression concussion) requires 
much greater force produce the same effect and the mechanism 
which concussion results somewhat different. 

(4) Acceleration concussion results the monkey and cat when the 
head struck heavy mass with velocity approximately ft. 
per second. the cat the velocity ft. per second was sometimes 
sufficient, but this exceptional. 

(5) Experimental concussion causes transient reflex paralysis the 
respiratory and vasomotor mechanism, corneal and pinna reflexes, reflex 
deglutition, and the reflex motor mechanisms the pons and medulla. 
The vasomotor and respiratory centres, while not available reflexes 
during this concussive reflex paralysis, are stimulated the injury, unless 
the trauma extremely severe, when phase complete paralysis results. 

(6) Acceleration concussion obtained the decerebrate animal, both 
with and without section the 8th nerves. can also obtained with 
the animal under artificial respiration. The effect the brain-stem 


EXPERIMENTAL CEREBRAL CONCUSSION 161 


therefore not dependent the fore-brain vestibular influences; nor 
dependent respiratory failure. 

(7) Acceleration concussion not accompanied significant change 
the intracranial pressure, while compression concussion great 
increase pressure applied with high velocity required. 

(8) Subthzeshold blows often stimulate the vago-glossopharyngeal 
system, and this way result depression cardiac, vasomotor and 
respiratory function for ten thirty seconds, occasionally longer. This 
possible explanation for the knock-out blow boxing. 

(9) Effects derived from stimulation the glossopharyngeal system 
also complicate concussion, but emerge only the stage paralysis 
passes. 

(10) Stimulation the vago-glossopharyngeal system extremely 
variable degree, and greatly lessened The variability 
this factor accounts for variation the general effect concussion, 
whereas the traumatic paralysis certain velocities constant. 

(11) When failure blood-pressure results from severe head injury, 
the mechanism appears identical with that primary surgical 
shock, such may produced tension the mesentery renal 
pedicle. Both are associated with peripheral vaso-constriction 
sis the venous side the circulation. greatly facilitated 
hzmorrhage, repeated concussion. 

(12) Death from acceleration concussion due failure blood- 
pressure. Though this may arise from failure the vasomotor centre 
during the paralytic phase severe injury the essential lack recovery 
arises from the effect the vago-glossopharyngeal mechanism induc- 
ing shock.” Death may thus occur delayed effect when 
the stage recovery from paralysis has begun. The reflex compensatory 
mechanism then makes inadequate response the fall blood-pressure. 

(13) Both gradual and sudden compression the brain will cause 
respiratory and reflex failure and failure blood-pressure, but the rise 
pressure caused must very high (about ten times the normal intra- 
cranial pressure), many times greater than any rise pressure which 
occurs during acceleration concussion.” 

(14) Arterial occlusion sufficient cause anemia the brain also 
leads delayed failure the respiratory, vascular and reflex mechanisms, 
but only after long preliminary period stimulation. thus differs 
fundamentally from the mechanism concussion. 

(15) The paralysis concussion immediate. Further, associated 
experimentally with increased blood flow through the brain and brain- 
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stem. There evidence vascular spasm the brain during, 
resulting from, acceleration concussion. 

(16) The paralytic phenomena concussion have studied are due 
direct generalized physical injury the neurones. This injury 
causes immediate loss function, but reversible. 

(17) The mechanism which the neurones are damaged accelera- 
tion concussion must great complexity. The demonstration 
threshold value for the necessary acceleration indicates that fixed 
uniform physical change must play essentia! part the causation 
the traumatic disorder. lesions, both extra- and intracerebral, 
which occur very severe injuries, indicate distortion stress, but not 
necessarily identical with that which causes concussion. The necessity 
for movement the production contre-coup lesions and concussion 
indicates the part played the inertia and momentum brain, 
compared with skull, both. 

(18) Petechial are most commonly found the grey 
matter and under the pia mater the upper segments the cervical 
spinal cord. They are occasionally caused very severe acceleration 
injuries, but they are also present association with compression con- 
cussion. The rapidity their production indicates that they are produced 
direct squashing stretching and not prestasis and stasis from 
intimal injury. They may give rise subpial, even subarachnoid 

(19) The effect these contusions the medulla and cervical cord 
can dissociated from the primary effects due concussion, for they 
cause delayed embarrassment failure respiration according their 
extent; this delayed effect being observed reach maximum one two 
minutes after the blow. Very small hemorrhages this situation 
not interfere with recovery from concussion, and clinical evidence strongly 
suggests that they can occur without concussion. 

(20) Contusions the cerebral hemispheres have effect the 
bulbar centres unless great increase intracranial pressure developed 
result the bruised area. This effect also delayed 
onset, and reaches maximum from one four minutes after the 
injury. 

(21) When the intensity head injury increased over and above 
the threshold which produces concussion, the effect prolong the 
paralysis concussion though still lesion caused. The rate 
recovery, therefore, the neuronal damage proportional the severity 
the injury. have data relating the impairment function 
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the cerebral cortex following experimental concussion, but seems 
very probable that behaves the reflex mechanisms studied. 
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our disposal and gave every help and encouragement, and the generosity 
the Brain Injuries Committee the Medical Research Council, who 
defrayed the considerable costs animals and photographic material. 
The cost the monkeys was defrayed the Research and Experiments 
Department, Ministry are greatly indebted 
our Commanding Officer, Lieutenant-Colonel Chambers, M.C., 
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SPINAL CORD DEGENERATION PRODUCED DIETARY 
MEANS. 


DEMYELINIZATION THE Roots Younc Pics SYNTHETIC 
CoMPLETE. 


DAVID MITCHELL. 
(From the School Pathology, University Dublin.) 


Mitchell and Kolb (1938) reported the occurrence ex- 
tensive demyelinization the afferent neurons young pigs raised 
synthetic diet believed deficient the thermostable vitamins 
(so-called complex). The pathological lesions involved the peripheral 
sensory nerves, the posterior root ganglia and the posterior columns the 
spinal cord least high gracile and cuneate nuclei; other parts 
the central nervous system appeared normal. The animals presented 
picture resembling that tabes dorsalis man. They became unsteady 
their hind-legs, walking broad base with stamping action; this 
progressed complete ataxia. Insensitive ulcers were found between the 
hoofs. 

Previous workers observed different animals varying degrees 
demyelinization which they attributed vitamin deficiency. The site 
and extent the myelin loss varied considerably did the particuiar 
vitamin whose lack the lesions were ascribed. The most important 
papers were those Mellanby (1931), who produced peripheral demye- 
linization the spinal cord puppies, which believed due 
lack vitamin Grinker and Kandel (1933) and Zimmerman and 
various colleagues (1932-37) and many others which dealt with the changes 
produced the so-called polyneuritis due lack the chemically isolated 
vitamin B,. 

The object the present work was confirm the observations 
Wintrobe al. and observe pigs the same the effects 
lack vitamins and B,. The pig was again chosen the most suitable 
animal because its metabolism seems approach closely the human and 
because the changes the central nervous system previously obtained 
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were clear that the technical difficulties and expense dealing with 
such large animals were outweighed. 


EXPERIMENTAL 

litter twelve pigs was obtained the age days. They were 
housed the roof the laboratory pairs large pens with wooden 
floors, without any bedding. The basic experimental diet used was that 
described Wintrobe (1939). consisted casein grm., lard 
grm., cod-liver oil grm., sucrose grm., salt mixture total 
grm. Fat soluble vitamins were supplied the cod-liver oil (Evans, 
Lescher Webb Veterinary Cod-Liver Oil) c.c. per kg. body-weight, 
and dried brewers’ yeast (Couper, Friend Co.) grm. per kg. body- 
weight provided the vitamins (vitamin not needed the pig). 
This mixture was fed dry; grm. being given for each kg. body-weight. 
Casein, sugar and salt mixture were mixed large quantities the correct 
proportions and the lard, cod-liver oil and yeast weighed and added 
each day’s ration. The food was placed the pens the morning; 
unlimited supplies drinking water were provided; had been found 
previous experience that giving the diet the dry state, loss 
appetite was more easily detected. The animals were weighed every 
second day first, then twice week, and the cases the heavier 
animals the later stages the experiment once week only. Photo- 
graphs, both still and cinematograph, were ‘taken from time time. 


Detailed physical examinations the central nervous system were made 


several occasions. The animals were killed injecting evipan (Bayer) 
into the heart and the post-mortem examinations made immediately; 
the case those animals which died, the post-mortem was made the 
same day the next morning. The brains and cords were fixed neutral 
formol-saline and examined for myelin abnormalities the Marchi- 
Busch and Spielmeyer techniques. 

From the time their arrival the department, the animals were 
fed the basic diet fully supplemented with cod-liver oil and yeast. For 
the first two weeks the young pigs did not seem take readily the 
diet; appetites were poor and there was some the weather 
this time was particularly wet and cold for the time year. Shortly, 
however, the weather improved, further diarrhoea was observed and 
all the animals gained weight steadily. the fifth week the male animals 
were castrated, the kindness Mr. Martin Byrne the Veterinary 
College, Dublin; this was perhaps irrational dietetic experiment, but 
was intended keep the animals alive for long time was thought 
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that they might otherwise have become unmanageable. When the animals 
were days old and had been the synthetic diet for forty-two days 
the following changes were made: 

(1) Determination the minimum requirement vitamin for the 
Two animals were fed the diet above, substituting equal 
amount autoclaved yeast for the raw yeast. (Pigs and 34.) 

(2) Production gradual polyneuritis (beri-beri). Two animals were 
fed the basic diet, gradually replacing the raw yeast autoclaved. (Pigs 
and 35.) 

(3) Production gradual vitamin deficiency; confirmation the 
work Wintrobe al. (1938). The yeast was gradually reduced and 
synthetic (Betaxan) administered, thus producing deficiency the 
thermostable factors only. (Pigs and 33.) 

(4) Production gradual vitamin deficiency. The amount cod- 
liver oil was decreased and finally omitted and vitamin deficiency 
prevented the administration (Pigs and 37.) 

(5) Production gradual combined deficiency vitamins and 
Two animals had the yeast and oil reduced and synthetic and 
administered, (3) and (4) above. (Pigs and 30.) 

(6) Controls. The two smallest animals were kept the fully supple- 
mented diet controls. (Pigs and 38.) 


RESULTS. 


(See fig. for growth curves all animals.) 


Experiment 1.—This was preliminary experiment with the object 
estimating the minimum requirement aneurin for the pig. About 
ten days after yeast, autoclaved 120° for five hours, was substituted 
for raw yeast, there was sudden refusal food with flaccid 
paresis with diminished reflexes developed. Each animal died suddenly, 
one before any had been given. Slight degeneration the posterior 
columns was found. 


Pig 29.—Normal growth shown (fig. for six weeks when autoclaved yeast 
was substituted; ten days later there was sudden refusal food with some diarr- 
the latter did not persist, but the appetite remained poor and the ninth 
week the rate weight gain had dropped; one week later the legs appeared weak. 
the twelfth week neurological examination all animals was made and this 
pig was reported follows: 

Walks badly with legs flexed and pelvis unfixed; sensation diminished all four 
feet; deep reflex absent hind-limbs, diminished fore-limbs; muscular tone 
diminished all four limbs, more the hind.” 

the thirteenth week mgm. Betaxan (Bayer) were given intramuscular 
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injection, this was repeated two days later, the appetite appeared improve, and 
afterwards mgm. daily were given mouth. The animal was found dead 
unexpectedly the fourteenth week the experiment. 

The post-mortem examination was carried out the same day, the body being still 
warm. The skin, tongue and eyes appeared normal; the muscles were poorly 
developed, but otherwise normal; abnormalities were found the heart, lungs 
abdominal organs. The brain and spinal cord were removed and fixed per 
cent. formol-saline. 


lograms 
w 


weight 


w 


Fic. curves twelve litter-mate pigs, Nos. 38, receiving basic 
experimental diet from twenty-three days age, supplemented with cod-liver oil 
and yeast for the first forty-two days the experiment and then modified 
described under individual experiments. Roman figures over each pair curves 
indicate experiment number text. indicates onset ataxia. (Pig 38), 
indicates substitution commercial weaning meal for experimental diet. (Pigs 
and 37), indicates omission cod-liver oil from diet. (Pig 37), indicates 
return fully supplemented diet. (Pigs and 34), indicates substitution 
autoclaved for raw yeast. (Pigs 27, 33, and 30), indicates reduction yeast 
diet grm. per kg. body-weight, per cent. diet. Divisions the 
abscissa indicate periods five weeks. 


Histological examination the spinal cord Marchi-Busch preparations 
showed considerable numbers round black globules the posterior columns. 
There were fine, irregular, black spots other parts the cord section: these were 
not considered significant and were probably artefacts. This opinion was 
confirmed Spielmeyer technique sections, which showed some myelin loss the 
posterior columns only. 

Pig 34.—This pig grew more slowly the fully supplemented diet and there- 
fore was not put autoclaved yeast till the ninth week. the tenth week 
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appeared weak and rather flaccid the hind-limbs and when detailed neuro- 
logical examination was made the twelfth week the following notes were made: 

ataxic; animal frequently slides the ground with hind-legs thrust 
fore-legs and may rest the dorsal surface hock fore-leg. Hind-quarters fall 
backwards there was considerable weakness the gluteal region. This 
contrast the extreme weakness the lumbar muscles Pig 29. Deep reflexes 
normal fore-limbs, present but diminished and sluggish hind-limbs. Pain sense 
normal fore-feet but lost hind-feet.” 

the tenth week the appetite had failed, the rate growth diminished and 
there was diarrhoea from time time. The animal died suddenly the fourteenth 
week before any Betaxan had been given. 

The post-mortem examination made the same day showed external abnor- 
malities; the eyes, tongue and teeth were normal; the heart, lungs and abdominal 
organs were all normal; the stomach contained considerable amount gravel. Signs 
myelin destruction were not all marked the sections the cord this 
animal. The posterior columns showed few black spots the Marchi-Busch pre- 
parations; the rest the cord being quite clear. This was confirmed the Spiel- 


meyer sections. 


Experiment 2.—The object here was produce gradual deficiency 
and find out central changes well peripheral neuritis occurred. 
The whole yeast was gradually replaced yeast autoclaved before. 
Again both animals responded similarly. appetite gradually 
diminished and the weight gain dropped. apparently spastic ataxia 
developed. Loss myelin the posterior columns was demonstrated. 


Pig 32.—The animal grew well the fully supplemented diet and substitution 
was begun the seventh week. the tenth week the appetite had noticeably 
failed and the weight curve had flattened; after this there was persistent diarrhoea 
and capricious appetite. the end the tenth week the hind-legs were noticeably 
weak. Neurological findings the twelfth week were follows: 

sensation any limb; reflexes present hind-limbs, not elicited fore; 
gait ataxic, hind-legs thrown and out, sometimes stamping; muscle tone any- 
thing increased.” 

And again the sixteenth week: 

“Completely ataxic; cannot walk stand; apparent weakness distress; 
muscle tone increased; reflexes increased hind-limbs, apparently normal fore- 
limbs; sensation elicited.” 

the eighteenth week autoclaved yeast only was being given. Soon the animal 
became completely helpless, but spite this, continued eat well could 
manage. the twentieth week was photographed lying its side, unable use 
its limbs, eating vigorously. 

The animal was killed the twenty-sixth week evipan injection and the post- 
mortem examination was carried out once. Externally the animal was normal; 
eyes, teeth and tongue showed changes; the right ventricle the heart was con- 
siderably dilated; the lungs somewhat congested and the spleen larger and more 
congested than normal; the other abdominal organs appeared normal. The brain, 
cord and nerves were removed and fixed before; both Marchi-Busch and Spiel- 
meyer sections demyelinization was clearly marked the posterior columns, the 
rest the cord being normal. 

Pig 35.—The same procedure was carried out for Pig 32, with similar 
Whole yeast was gradually replaced autoclaved yeast the seventh week. There 
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was very little effect the growth curve, which was almost steep that the 
controls. Neurological examination the twelfth week was made and the follow- 
ing findings 

reaction sensory stimulus any limb; reflexes barely elicited; gait not 
spastic Pig 32; muscle tone seems diminished.” 

There was almost diarrhoea and little loss appetite until the sixteenth week 
when the appetite failed rather suddenly; diarrhoea followed few days and the 
growth curve became much more flat. Neurological findings the sixteenth week 
were follows: 

Walks with broad base, throws legs up, not stiffly but bending them; apparently 
anzsthetic all limbs; reflexes absent; eyes normal.” 

the eighteenth week autoclaved yeast only was being given. the nine- 
teenth week the animal had become quite ataxic, the fore-legs particular being 
obviously spastic. 

The animal was killed injection evipan the twenty-fourth week and 
post-mortem examination was made immediately. Again there were naked- 
eye abnormalities and histological changes were limited slight myelin destruction 
the posterior columns. 


Experiment 3.—By gradually reducing the amount yeast and the 
same time adding synthetic (Betaxan) the diet, deficiency the 
thermostable factors was produced. both animals growth ceased and 
the typical ataxia developed. Severe myelin destruction was found the 
posterior columns both animals. 


Pig six weeks fully supplemented diet, the amount yeast was 
reduced from grm. per kg. body-weight; week later this was further reduced 
grm. and the ninth week the experiment grm. per kg. body-weight. 
Two days later was noticed that the hind-legs were unsteady, the animal ate 
its food more slowly than previously and there was slight diarrhoea. Large amounts 
Betaxan mgm. daily) were given and there was further diarrhoea but the 
appetite was still subnormal. the tenth week the hind-legs were obviously 
spastic. Neurological findings twelfth week were follows: 

sensation any limb; reflexes increased hind-limbs, doubtfully present 
fore-limbs; characteristic broad-based, stamping gait with considerable ataxic 
instability; muscular weakness.” 

the sixteenth week had recurred and the appetite was definitely 
poor. Further neurological examination revealed that the animal was completely 
helpless and ataxic with increased reflexes and all limbs; the eyes 
appeared quite normal. the end the seventeenth week the pig was 
found dead. 

post-mortem examination made the day death showed considerably 
emaciated animal with many irregular, flat, hemorrhagic, skin lesions, varying 
size from pin-point large crusted areas. The feet were ulcerated; the eyes, 
tongue and teeth were normal; the right ventricle the heart was considerably 
dilated, with firm ante-mortem thrombus the auricle. Cord, brain and nerves 
were removed and fixed before. Myelin destruction was well marked the 
posterior columns and could easily seen extending along the posterior roots the 
Marchi preparations this animal. 

Pig again the same procedure was followed with Pig 27. The 
yeast had been reduced grm. per kg. body-weight the eighth week, the 
end which time little staggering was noticed. the ninth week the amount 
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yeast was reduced grm. per kg. body-weight, the hind-legs were now obviously 
shaky. the end the tenth week there was definite spasticity and neurological 
findings the twelfth week were follows: 

“No sensation obtained; ischial reflexes very active, especially the right; 
reflexes the fore-limbs.” 

The appetite was poor, but there was remarkably little until the 
thirteenth week when very severe. the end the fourteenth week 
this pig was miserable condition and was killed evipan injection. 

The post-mortem examination was carried out once and gross abnormalities 
were found apart from wasting and emaciation. Sections showed very severe 
destruction myelin the posterior roots and posterior columns; the rest the 
cord was quite normal. 


Experiment 4.—The object here was confirm the results Mellanby 
(1931) producing gradual deficiency vitamin each case the 
cod-liver oil was gradually reduced and Ostelin (Glaxo) given prevent 
deficiency vitamin effects were produced. Then the lard was 
reduced amount, was thought that possibly contained vitamin 
effect was produced for about ten weeks, when the hind-legs became 
suddenly weak. There was ataxia. One animal developed pneumonia 
and died. The pen-fellow, whose appetite had begun fail, was restored 
fully supplemented diet; now ate well but wheezed and was weak 
its hind-legs for some days; then recovered fully. Definite peripheral 
demyelinization, described Mellanby, was found the cord the 
animal which died pneumonia; change was found the other. 
was obviously more difficult exhaust the animals’ supplies the fat- 
soluble than the water-soluble vitamins. None the typical epithelial 
changes vitamin deficiency were found. 


Pig oil began the eighth week, three weeks later was 
omitted altogether; symptoms any kind resulted, the amount lard the 
diet was reduced degrees was thought the possible source vitamin 
the end the tenth week the hind-legs seemed weak but there was sign 
spasticity ataxia. the sixteenth week some loss appetite was first noticed; 
this immediately became very severe, the legs became inflamed and 
and the animal was found dead the seventeenth week, having had four days’ 
clinical pneumonia. 

post-mortem examination was carried out once. Apart from considerable 
cedema the legs there were external changes. The eyes, tongue and teeth 
were normal; the right lung was grey and solid, there was greenish-yellow pus the 
right pleural cavity; scattered patches pneumonic consolidation were found 
the left lung; the liver and spleen were congested but otherwise appeared normal, 
did the other organs. The brain and cord were particularly soft and special 
care had taken their removal prevent injury them. 

Histological examination confirmed the findings pneumonia each lung 
and pneumococcal empyema the right side. 

Sections the spinal cord Spielmeyer preparations suggested 
pheral demyelinization but this was not sufficiently marked definite. The 
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Marchi-Busch sections however showed well-marked band black granules 
right round the cord, the more central white matter being normal. The posterior 
columns did not appear any more affected than the rest. 

Pig 37.—Exactly the same procedure was followed for Pig 31. the time 
the latter’s death, this pig which had been housed the same pen suddenly 
lost its appetite and developed cough and some weakness the hind-legs; 
view the death Pig from pneumonia, this animal was immediately restored 
fully supplemented diet, when once began eat heartily though the 
breathing remained wheezy for some days; the strength returned the hind-legs 
few days. Two weeks later, the nineteenth week, this animal was killed. 

Post-mortem examination showed abnormalities this case and changes 
were found the spinal cord either Spielmeyer Marchi-Busch preparations. 


Experiment 5.—An attempt was made investigate the effect 
combined deficiency vitamins and the thermostable part the 
complex. The technique was combination Experiments and 
was thought that perhaps the production such human demyelinating 
disease subacute combined degeneration multiple vitamin deficiency 
might responsible. view, however, the relative failure Experi- 
ment this amounts little more than repetition Experiment 
Again the two pigs responded the same way; noteworthy that they 
showed signs nerve lesions before any the others. 


Pig 28.—Reduction oil and yeast began the seventh week and the end 
the eighth week when receiving grm. yeast and 0-25 c.c. cod-liver oil per 
kg. body-weight, stumbling the hind-legs, reduction appetite (ate more slowly 
but finished food) and slight diarrhoea were noticed. the ninth week the amounts 
given were yeast grm. and oil 0-1 c.c. per kg. body-weight, and Ostelin (liquid) 
from c.c. daily. mgm. were given daily for some days, after which 
the diarrhoea was reduced and the appetite improved. the tenth week the amount 
yeast was increased from grm. and the eleventh week was further 
increased grm. per kg. body-weight; the reason being that appeared take 
much longer exhaust the body stores fat-soluble than water-soluble vitamins. 
spite this increase the amount yeast, the ataxia, first noticed the 
end the eighth week, increased; and the end the eleventh week the animal 
was quite helpless. Neurological findings the twelfth week were follows: 

“Sensation lost hind-limbs, which the reflexes are hyperactive; muscle 
tone apparently not increased; sensation doubtful fore-limbs; reflexes doubtful; 
gait very ataxic, broad base, hind-legs thrown and out stiffly.” 

the beginning the thirteenth week the animal was found dead and 
post-mortem examination was made immediately. Except for some post-mortem 
stiffness there were external changes; eyes, tongue and teeth were normal; 
ulcers were found the feet. The brain and spinal cord with the nerve roots 
were removed first and showed naked-eye changes; the heart and lungs were 
normal; the abdominal organs were normal. very well-marked demyelinization, 
limited the posterior columns and posterior roots, was shown. 

Pig 30.—Reduction oil and yeast began the seventh week the case 
Pig 28, and the ninth week when grm. yeast and 0-1 c.c. oil per kg. 
body-weight were being given, ataxia the hind-limbs was quite noticeable. Ostelin 
and Betaxan were given before. Neurological examination made the twelfth 
week showed the following: 
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Gait ataxic but unusual the scissors-like movement hind-legs; pain 
sensation lost the hind-limbs; tone doubtful; reflexes increased; pain sensation 
not obtained left fore-limb, present right; reflexes doubtful both fore-limbs; 
spontaneous scratch reflex right hind-limb.” 

Further examination the sixteenth week showed the following 

with broad base and well marked stamping gait; not ataxic Pig 
(not easily knocked down); voluntary power very strong; muscle tone and 
reflexes increased hind- limbs, not fore; sensation obtained any limb; 
eyes appear normal.” 

this time the appetite had been remarkably good and there was little 
the. fifteenth week the yeast was further increased grm. per kg. 


after which the animal appeared very hungry and ate 


the seventeenth week, however, the appetite began fail and the end this 
week the appetite was poor and the animal had become much more ataxic. was 
thought that perhaps complete vitamin deficiency had been produced and the 
animal would die suddenly 31). Some cod-liver was therefore 
given the food, but improvement took place and the nineteenth week, 
while blood was being removed cardiac for examination, the animal 
died suddenly. 

post-mortem examination was carried out once. The eyes. and tongue 
were found normal; the brain and cord seemed softer than the other 
animals but were grossly normal; the right ventricle seemed somewhat enlarged; 
there was more fluid the pericardium than usual; otherwise abnormalities 
were found. 

Histologically myelin destruction was well marked the posterior columns 
the Marchi-Busch sections; well this, there were some black granules diffusely 
scattered the periphery the cord. 


Experiment 6.—Controls: The two smallest animals the litter were 


chosen controls. They wére fed the experimental diet supplemented, 


with grm. dried yeast and cod-liver oil per kg. body-weight. 
This diet was adequate for normal growth and their general nutrition 
was excellent; spite this, both animals showed distinct signs ataxia 
the fourteenth One them was killed the twenty-third 
week, and two weeks later the diet the other was changed com- 
mercial pig weaning meal. this diet lived for further thirteen 
weeks, when too was killed. change degree ataxia had 
taken place. The cords both pigs showed severe loss the 
posterior columns. This quite unexpected; its significance will 
discussed 


. 


Pig 36.—This pig grew well and remained strong and active until the middle 
twelfth week when was noticed sitting with the hind-legs straight 
out front the typical attitude the ataxic animals. abnormality the 


gait was found and neurological findings were follows: 


Sensation normal all limbs; voluntary power very strong; muscle tone normal 
in.all four limbs; reflexes present but not exaggerated.” 

the beginning the thirteenth week some awkwardness and stiffness walking 
was noticed. the sixteenth week further neurological findings were follows: 
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Walks with broad base throwing legs out stiffly; fore-limbs seem normal; very 
ataxic; tends fall backwards when remains sitting with hind-legs spread out 
front; reflexes present but not muscle tone about normal; sensation 

Growth continued without interruption and the animal was killed the twenty- 
third week. post-mortem examination was carried out The body was 
well nourished; abnormalities were found. the sections the spinal cord well- 
marked myelin loss was shown both methods the posterior columns and 
posterior roots. 

Pig 38.—This pig, which only weighed kg. arrival, was kept the fully 
supplemented diet; growth which was slow first soon became.maximal and the 
animal grew very strong and seemingly healthy every way. Neurological 
tion the twelfth week showed abnormalities the central nervous system. 
the thirteenth week, however, was noticed that the animal was sitting the 
typical attitude with stiff outstretched hind-legs; slight developed 
and the sixteenth week, neurological examination, the gait was found 
broad and stamping, affecting mainly the hind-legs; reflexes were -all present but 
not exaggerated; muscle tone was not increased; sensation was present the fore- 
limbs but not elicited the hind-limbs; the eyes appeared normal. the twenty- 
fifth week, which time ataxia was severe enough make the animal quite help- 
less, standard pig weaning meal was substituted for the experimental diet; some 
difficulty was found making the change, which the animal did not seem relish; 
within week, however, was eating well. The most obvious result the change 
diet was the amount excreta, which became very copious. The animal con- 
tinued grow and was kept alive until the thirty- week, when was killed; 
change, either increase decrease, had taken place the degree ataxia. 

post-mortem examination was carried out once. gross abnormalities 


were found. Histologically, demyelinization was again found the posterior 


columns and posterior roots, the rest the cord being normal. 


seems fair draw the following primary conclusions from the 
experiments described. 

(1) Young pigs can reared and will grow optimal rate the 
experimental diet described. 

(2) spite this continued normal growth and good general con- 
dition, the animals consistently develop signs degeneration the 
posterior columns the spinal cord, which, histological examination, 
confirmed the demonstration both Marchi and Weigert 
tions demyelinization; this apparently followed the disappearance 
the axis cylinder, but not gliosis. 

(3) the yeast intake reduced from grm. per kg. body- weight 
less than grm. per kg. optimal growth not maintained. Lesser 
degrees reduction appear hasten the onset ataxia. 

(4) Deficiency vitamin produced one animal distinct but 
unsystematized demyelinization the periphery the cord, previously 
described Mellanby puppies. 
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The most important result this work the fact that the so-called 
control pigs developed the characteristic clinical signs and nerve lesions 
attributed Wintrobe, Mitchell and deficiency some 
part the thermostable complex. 

Unfortunately none the animals the litter was reared standard 
commercial pig food throughout, but the diet, fed the controls, 
appears paper biologically complete and experiments carried out 
with using the same diet, have supported this view. 

Chick and her collaborators have reared pigs under similar 
conditions diet not very different from the one here described. 
consisted the following: 


This was supplemented with cod-liver oil and yeast. The salt mixture 
contained sodium, potassium, calcium with chlorine and ‘iodine 
and per cent. This diet appeared completely 
factory and they found that per cent. but not per cent. dried yeast 
was sufficient maintain optimum growth. None their pigs developed 
ataxia. Apart from the fact that they were not kept the diet long 
those the present series and therefore ataxia, which might have 
developed later, would not have been observed, the only difference between 
the two experimental schemes appears the presence bone- 
ash the salt mixture Chick. seems possible that the Wintrobe 
salt mixture, used the present work and made from fairly pure 
inorganic salts, may have been lacking certain 
constituents which were present the “bone-ash” the Chick 
mixture. Unfortunately the experiments reported this paper throw 
light the subject from this point view. 

Fearon. (1940) discussed the distribution and function those 
elements which are found minute amounts the tissues and food 
stuffs animals; such are copper, boron, silicon, manganese, fluorine, 
iodine, which describes “invariable micro-constituents,” and many 
others which calls “variable secondary elements” and 
constituents,” whose functions ate obscure. The only these whose 
known physiological significance great importance copper, and 
was believed that deficiency copper was very possible explanation 
the changes described. Some the reasons which suggested this 
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possibility were: Copper, such, was not provided the salt mixture; 
ferrous sulphate is, the present time, very free from copper con- 
taminant; Mr. Press kindly examined the salt mixture spectroscopically 
and his results showed that the copper intake from this source was the 
order mgm. per kg. per day; the accepted requirements for the 
growing animal are the order 0-1 mgm. per kg. daily (Daniels and 
Wright, 1934); brewer’s yeast known contain significant amounts 
copper derived from the copper vessels which ‘it grown; reduction 
yeast therefore, further reducing the copper intake, accelerated the 
demyelinization; the mineral mixture used Chick may 


copper derived from the Innes (1936) has investigated 


the central nervous system lambs which died from and 
found that the essential lesion demyelinization, which may great 
extent; Dunlop and Wells (1938) showed that can pre- 
vented feeding the ewes licks containing cobalt 
and manganese were without effect; Eggleton (1940) has shown that the 
tissue the central nervous system richer copper and zinc than any 
other. 

the other hand, the importance copper the diet young 
animals has been investigated many workers from the point view 
its hemoglobin formation. mention has been found 
these papers the development any neurological disturbance. For 
instance, Schultze, Elvehjem and Hart (1936) fed young pigs diet cows’ 
milk for about ten weeks; this produced severe and high degree 
copper deficiency, but the authors make mention paralysis 
ataxia developing the animals; the anemia was quickly cured when 
copper supplements were given. 

Again, the time factor may decisive one. the experiments 
quoted the animals were maintained for ten weeks the copper-free 
diet, and may that this period had been extended, myelin degenera- 
tion might have resulted. all other papers available, the experimental 
periods shorter than this. 

short, the experiments suggest that deficiency copper some 
such substance, rather than vitamin, the cause the 
condition described. 


Young pigs were reared diet, which, though adequate for optimal 


growth, resulted the production-of demyelinization, particularly the 
posterior columns the spinal cord. 
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Fic. 29. Spinal cord, transverse section, lower power view, showing 
general technique, with posterior root ganglion included. Marchi-Busch. 

Fic. 3.—Pig 31. Anterior columns spinal cord, transverse section, high power, 
showing high degree myelin destruction. Marchi-Busch. 

Fic. 4.—Pig 28. Posterior columns and grey matter, transverse section, high 
power, showing considerable myelin destruction. Marchi-Busch. 

Fic. 5.—Pig 28. Posterior root, posterior horn and column, transverse 
section, high power, showing globules degenerated myelin posterior root 
while lateral column normal. 

NOTE.—Figs. and and figs. and are different fields taken from the 
same section. 


illustrate article David Mitchell. 
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Fic. 6.—Pig (control). Posterior column and grey matter, transverse section, 
high power, showing globules degenerated myelin before. Marchi-Busch. 

Fic. 7.—Pig (control). Lateral columns, transverse section, high power, show- 
ing myelin degeneration. Note the well-defined axis cylinder can seen clear. 
The few black globules may artefacts. Marchi-Busch. 

Fic. 8.—Pig 27. Complete degeneration posterior columns, Modified Spiel- 
meyer stain (this was thick section and was differentiated too long, the peripheral 
pallor therefore not significant). 

Fic. 9.—Pig (control). Considerable loss myelin posterior columns can 
seen. Modified Spielmeyer. 


illustrate article David Mitchell. 
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Growth was maintained normal rate long the amount 
yeast was grm. per kg. body-weight per cent. diet); when was 
reduced grm. per cent. diet) growth almost ceased. 

The time onset the ataxia appears related the total amount 
yeast the diet, whether autoclaved not. 

suggested that the ataxia and posterior column demyelinization 
due lack some essential inorganic micro-constituent the diet, 
which copper seems the most likely, rather than want any 
known vitamin. 

Two pigs which normal amounts yeast but were gradually 
deprived vitamin showed signs ataxia. One these, which 
died pneumonia, showed definite peripheral loss myelin the spinal 
cord. The other recovered when vitamin was restored its diet and 
showed abnormality the cord when killed. 

The animals were obtained from the Albert Agricultural College, 
Dublin, through the kindness Professor Drew. 

thanks are due Professor Sheehy, Department Animal 
tion, Albert Agricultural College, and Professor Kearney, Department 
Pathology,- Veterinary Collége Ireland, for helpful advice the 
management the animals; chiefly Miss Ruth Gwynn, B.A., who 
was responsible for and carried out the feeding and.care the animals 
throughout the experiment; Aiken, who assisted with the 
post-mortem examinations and histology. 

Vitamin preparations were kindly- supplied Bayer Products 
and Ltd. 

Cinematography was possible through the kindness Dr. 
Falkiner; the photomicrographs were made Mr. the 
School Pathology. 

The expenses the research were defrayed grant from thé Medical 
Research Council Ireland. 
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CORTICAL CEREBELLAR ATROPHY. 


BRUCE HALL, NOAD, AND LATHAM. 


(From the Neuropathological Laboratory the Mental Hospital Department, 
Wales.) 


this paper describe family which the subject form 
familial cerebellar atrophy comparable, possibly identical, with form 
described Gordon Holmes (1907). 

The first member the family come under our notice was young 


married woman (No. 15) who complained peculiar disturbance 


speech. sister who accompanied her (No. remarked: suppose 
she will the way the rest our family go.” consequence this 
remark other members the family were thereupon examined, the 
pursuit one branch leading South-West Queensland. 

Little known the family’s early history. German origin 
and the oldest living member arrived Australia child about seventy 
years ago. believes that his family lived near Leipzig and that 
their name was originally Neudeck. Attached family tree, the members 
the family being numbered for reference the text. 


No. N.: settled Australia with his wife and several children 
young man. Nothing known about him except that was very 
strong,” that suffered from asthma and died unknown cause 1873 
the age 40. 

No. 2.—Maria L., the wife the above, was remarkably healthy woman, 
according report. Nothing known her her ancestors. She spoke 
normally ‘and fluently the end her life, dying when over 80. These two 
members are referred indicating which them may have introduced the 
family disease. 

No. 3.—Maria died unknown cause the age 60. Two her nieces 
(Cases and 13) have fragmentary recollections her. They think that she 
suffered from the family disease because 
walk for many years prior her death.” 

No. 4.—Wilhelm died the age few weeks after had been 
two us. Our information about him came from his son-in-law 
(daughter’s husband). His wife, German, bore him three children (Nos. 10). 
His disability. made the age 57, when began become 
stiff and clumsy.” first diagnosed rheumatics his symptoms attracted little 
attention, but they progressed and when was years old consulted Dr. Max 
Herz Sydney. Dr. Herz reports that found very marked ataxia, 
especially when lying down, pronounced nystagmus and intention tremor. There 


she had stiffness the joints and was 
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was spasticity the limbs and exaggeration the deep reflexes. The 

abdominal and cremasteric reflexes were absent, the plantar reflexes flexor. There 

was disturbance sensibility. Herz made provisional diagnosis 
disseminated sclerosis.” 


remarkable that this disturbance nervous function, obvious Dr. 
Herz, had escaped the notice others, since during the six seven years previous 
this observation the patient had least twice, sustaining serious injuries. 
one occasion fractured humerus and another sustained scalp wounds. 
However, having had the opportunity studying the malady its earlier stages 
are not altogether surprised, for the early disturbances seem predominantly 
subjectiye without signs. Our own experience confirms Dr. Herz’s state- 
ment that ataxia rather than the was the initial dis- 
turbance. 

For least twelve years before his death this patient had difficulty his 
speech. the age was with difficulty understood, and for several years 
before his death the age was but rarely intelligible. about the age 
writhing movements first made their appearance. first they 
attacks when the patient was nervous upset. These attacks became more 
frequent and from the age onwards were continuous during his waking hours, 


only sleep. Such rhovements have not been seen other members 
the family. The “intention tremor” referred Dr. Herz was also 


gressive and for many years before death was unable use his hands for 
useful purpose, including feeding and writing. From the could wal 
only with assistance, and his legs are said have crossed, scissor-like, when 
stood. This peculiarity was not seen comparable case (his brother N., No. 
other members the family. was bedridden for the last year his life. 
For some years had had difficulty eating and drinking, even swallowing 
saliva, and often coughed and spluttered. Sphincter defect appeared only 
the terminal months and may not have been related the malady under considera- 
tion. 


When examined two (B. and N.) 1938, few weeks before. his 
death, the following was his condition. was wasted and lay bed showing gross 
and irregular writhing movements like those athetosis. Although apparently 
oblivious his surroundings, his attention was easily caught when was spoken 
to. gave his age, name and occupation, realized was hospital and had 
some memory for récent events. His speech was low, mumbling, badly articulated 
and monotonous. was not invariably intelligible. seemed 
words uttered them. The movements his lips were the sounds 
seemed come from his throat. Visual acuity appeared normal. The fundi could 
not examined. Apart from nystagmus deviation the .cranial nerves 
were normal. Motor: With the extended arm passively supported the hands moved 
short, irregular rhythmic movements, and when released the limbs dropped into 
Voluntary movements were grossly ataxic, the arms waving wildly and 
the hands failing reach their objective. There was fair power grasp. The 


trunk musculature could not investigated. The legs were extremely wasted and 


weak. There was little power any joint and but feeble range movement. 
The knees were partially fixed flexion and the right knee-joint partially sub- 
luxated. Handling the legs led increase the writhing movements 
the arms and coarse movements the There was evident hypotonia 
both lower Reflexes: The arm-jerks were both knee and 
ankle jerks absent. The right plantar response was flexor, the indefinite 
form. Sensory: Apart from slight diminution all forms sensibility the 
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legs abnormality was noticed. There was hypertension cardiac enlarge- 
ment, but the radial and brachial arteries were easily palpable and grossly nodular. 
The urine was normal. 

Post mortem.—The body was emaciated. The calvarium was removed with 
difficulty owing the density the skull and adhesions between bone and dura, 
especially the left parietal area, and between dura, pia-arachnoid and cortex. 
The brain was slightly damaged the the skull. The arteries were 
atheromatous. The pituitary appeared normal. further report the brain 
given subsequently. The heart was normal, the aorta atheromatous. Apart from 


some congestion the lungs were normal. The liver surface was finely granular, 


but_normal section. The spleen was normal. single cholesterol stone was 
found the gall-bladder. The kidneys were smaller than normal,-and were 
coarsely granular. section there appeared some slight diminution 
cortical tissue and interference with the normal cortical pattern. few tiny reten- 
tion cysts were seen. The vessels the kidneys were obvious, but not remarkably 
prominent, the appearances being those atheromatous kidney.” The bladder 
was normal. The alimentary canal appeared normal. 

There was evidence significant joint disease. 

No, 5.—Gottlieb N., aged (examined Wambo Creek, 
‘May, 1939). Information regarding this subject was*obtained partly from the subject 
himself (this information, however, was limited owing his disability speaking), 
partly from his wife, his son (No. and his son’s wife, two daughters (Nos. 
and 13) and two grandsons. The information therefore well authenticated. 

was born Germany and came Australia child. young adult 
commenced farming, and continued this occupation all his active 
about the age fell from horse, and although his injuries were not 
serious nature, was confined his bed short period. When recommenced 
his usual activities noticed some difficulty walking, especially regard 
the left leg, which described stiffness the left hip.” 

During the ensuing years experienced increasing difficulty walking 
and account this was then obliged give his work, though could 
still potter around the garden.” 

Eighteen nineteen years ago, account his disability, fell against 
bed and strained muscle his was admitted country hospital, 
where remained for short period (we ha¥e been unable obtain any records 
from the hospital). leaving his bed was unable walk without help, and 
indeed has not walked without help since that time. the earlier years the 
support one person was sufficient maintain him, but the past two years 
has required one person either side, and for many months past has had 
almost carried along.” 

has been able dress and feed himself and still does, but during the past 
seven years has been handicapped both respects “by great shakiness.” 
Dressing and meals occupy great deal his time account this. 

His speech became affected about the age 60. was first noticed that 
seemed slur some words, clip words, and running syllables and words into 
one another. The deterioration speech was slowly progressive. During the. last 
five years his speech had been difficult follow, and the past year had been 
almost unintelligible. had been able swallow apparently normally, but 
had been observed during the past year that frequently dribbled. had 
had failing eyesight due bilateral cataract, and had had some difficulty with 
micturition due enlarged prostate. 

Apart from these disturbances, made complaints. 
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had pneumonia the age 17, and attack jaundice associated with 
pain the age 67. 

Examination revealed him somewhat stout old man, with mop grey 
hair and thick white beard. spoke with ataxia speech, characteristic 
other affected members his family, though more advanced degree. His 
speech was high-pitched and monotonous, and was followed only with the greatest 
difficulty. slurred and syllables and words run into one another—for 
example was -his rendering the statement there 
September”; described headache Bacmied back head”), and said 
that his family came from (Leipzig). was cheerful. gripped one’s 
hand firmly but shakily. exhibited athetosis. 

There was moderate intention tremor the upper limbs picking objects, 
but this, contrast with the movements his legs be. described, was slight. 
His intelligence was normal, and co-operated satisfactorily. 

walked with the help two grandsons, one each side holding him firmly 
under each arm. each leg was advanced was lifted inches from 
the ground and thrown outwards and forwards grossly ataxic manner, and 
planted flatly and firmly the ground before the other foot was raised. walked 
very wide base. 

Cranial nerves: The fundi not seen account cataract forma- 
tion. There was rapid fine nystagmus when looked the left with the slower 
phase returning the central fixation point. the right the nystagmus was 
rather slower, and coarser, again with the more rapid phase away from, the slower 
phase towards the central point. The ocular movements were otherwise full and 
normal, and the functions the other cranial nerves appeared undisturbed. 

Motor: There was evidence muscular wasting; power was remarkably good 
the arms and the legs, and apparently good the muscles the trunk. There 


some ataxia movement the arms (e.g. handshake, picking objects, &c.), 


but was not severe grade (e.g. putting the tip the finger the tip 
the nose hesitated only slightly before reaching the nose, shook slightly 
placed the finger the nose, and slightly rubbed in. This was little more 
noticeable the left side). 


His legs were grossly ataxic the execution all movements. When asked 
put heel the opposite knee and run the heel down the shin the foot, 


leg employed moved wildly the air before settling the knee, the heel thereafter 
following jerky and erratic course down the front the shin the ankle. 

Attempts touch the observer’s finger with either great toe were also very ataxic, 
especially with the left limb. 

Reflexes: The tendon-jerks were all present and normal. The abdominal reflexes 
were elicited with difficulty account his obesity, and the cremasteric reflexes 
were present. The plantar reflexes gave plantar flexion response. 

evidence could found of*bone joint disease, nor any former fracture. 

The size the heart could not determined clinically, owing the patient’s 
obesity; the heart sounds were clear; brachial and radial arteries, far was 
possible determine, were normal. The blood-pressure was 148 systolic, and 
diastolic. 

Examination all other systems revealed abnormality. 

The external genitalia were normal, also the pubic hair.. 

Urine normal. 


No. 6.—Friedreich Died the age from blood poisoning.” Informa- 


tion regarding him has been obtained from his children, Nos. 16, and 18. There 


nothing suggest was affected the malady the time his death. 
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No. 7.—Emma: Died aged 60. Information regarding her was obtained from 
her nephew, No. 16. She said have been very delicate for most her life.” 
Her nephew says For many years before she died she was very tottery,” and 
convinced she suffered from the family malady. She had several children. 
have been unable trace this branch the family, migrated another 
part Australia. 


No. 8.—Meta (Mrs. alive the age 50, and lives remote 
part New South Wales. She has not been seen us, but appears from the 
information available (Nos. and 16) that she advanced stage the disease. 

Her earliest symptom was disturbance the age about 30. 
this followed shortly after epidemic influenza 1919, was for long thought 
due that cause. 

The speech disturbance, slowly progressive over period twenty years, was 
tollowed later uncertain date increasing difficulty walking, which also 
slowly progressed. 1939 her speech said scarcely intelligible,” and she 
“can hardly walk all now, and often has within the past few 
months she has been practically bed-ridden.” 


No. 9.—Elsie (Mrs. B.): Aged 45. Housewife. Examined 1938 

She was first seen when she came with relation, but was not examined. 
Although she stated that there was nothing wrong with her, her speech was 
abnormal. few months later she presented ‘herself for examination complaining 
that she had noticed stiffness her legs during the past two months and that 
her balance was not good. She said there was clumsiness using her hands. 
She could fine fancy sewing without difficulty. She had, however, sometimes 
spilled teacups when handling them. walking seemed stiff, and she was 
especially clumsy going steps. 

sister who accompanied her, said that she had noticed that the patient often 
swayed considerably when walking. 

She herself stated that ‘she had not noticed any difficulty when speaking, but 
admitted that she was often asked repeat sentences because others could not 
understand her. (Her sister, husband and daughters had all disturbance for 
possibly long year previously.) 

She said that rule she had swallowing, but occasionally her 
throat seemed when she was about swallow. 

She enjoyed good health. She had had diphtheria many years ago, measles 
and chicken-pox childhood. 

Examination revealed moderately well-nourished woman sallow 
the same physical type and similar appearance her cousin Elizabeth 
(No. spoke very closely similar manner. She clipped some words 

ran these clipped words and others into one another—e.g. reply various 

There was moderate lateral nystagmus both sides, sustained for perhaps 
twenty thirty seconds, the eyes thereafter gradually coming 
nerves otherwise revealed abnormality. 

Motor: Wide range movement ‘the arms did not show any dis- 
turbance, excepting the movements were perhaps less smoothly performed than 
normal. Fine movements, requiring co-ordination (e.g. writing), were not 
quite well done, but was noticeable that she used her arms and hands better 
than her legs. 

The finger-nose test was performed without tremor when was done slowly: 
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rapid movements the hands moved backward and forward fairly wide 
range before being brought the nose. 

She walked definitely wide base, taking short steps which lacked the smooth 
movement normal walking, the whole disturbance producing definite waddle 
and she occasionally swayed slightly either side; she walked little more clumsily 
with her eyes closed. ascending steps she placed one foot the step above, 
momentarily pausing steady herself, she then quickly brought the other foot 
the pausing steady herself before making another similar 
advance. 

The knee-heel-shin test was performed with noticeably less precision than the 
finger-nose test, each heel oscillated little before being the knee, 
and moved down the shin jerky fashion. The defect was definitely more 
noticeable when the left heel was being applied the right knee and shin. 

observer’s finger with her great toe, the leg was tremulous. 

There was sensory disturbance. All deep and superficial reflexes were present 
and apparently normal. Muscle power was good all groups muscles, and 
muscle tone appeared normal. 

clinical evidence diseases her joints could found. Cardiovascular 
‘system was normal. B.P. 

She was the subject mild hypochromic but apart from that 
other defects could found. 

No. 10.—Alfred Died aged the result accident. was unaffected 
the time his death. 

No. 11.—Rudolf N.: Farmer. Examined Chinchilla, 
Queensland, May, 1939. This subject stated that the first symptom observed 
was trouble with his “like stiffness the hips,” about eight ten years 
ago. was the noticed that was developing unsteadiness 
gait which was remarkably times was scarcely noticeable, while 
other times bad that had been mistaken for drunkenness. The disturbance 
progressed very slowly, and eventually his gait became constantly: unsteady, though 
the time examination was still able, under favourable circumstances, 
walk without personal assistance. For some years past has walked with the aid 
stick, but his wife said that even slight bump knock was liable 
off his balance and cause him fall. had many times fallen result 

bumping against objects passing them. 

His wife considered that there had been something wrong with her husband 
for over ten She was not able state definitely what was the nature the 
disturbance. 

Disturbance speech was noticed about the age 46, and like his other 
symptoms was progressive. Since the onset its variability had been matter for 
comment. Under emotional stress, even slight excitement, the presence 
strangers his speech deteriorated and became difficult follow. was able 
work all types his farm until three years ago. Until six months ago 
was able milk his cows, but with increasing difficulty. 

could feed and dress himself, but was slow and shaky. 

had had dysphagia, diplopia, sphincter disturbances. His sight 
was not good, but this was not related his affection (presbyopia). 

Apart from some attacks asthma, which had been subject for the past 
twenty years, had had other illnesses during his life. 

examination: well-nourished intelligent man who sat with his head tilted 
slightly the left, and his face looking slightly the right and upwards. was 
noticed after moving him several times the course examination head 
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always reverted this position when sat rest. There was slight but definite 
slow rhythmic tremor the head, not unlike that seen Parkinsonism. The face 
had expression pleasant vacuity with little variation response emotion. 
Apart from the tremor the head and the facial expression, nothing otherwise 
suggestive Parkinsonism was observed his movements. His 
speech was characteristic the speech the family. this respect was con- 
siderably worse than his sister Elizabeth (No. 12), and slightly worse than his 
cousin Elsie (No. 9), but not nearly badly affected his father Gottlieb (No. 5). 
The variability his speech was most noticeable. times was abnormal only 
the expectant listener, but other times was intelligible only with difficulty. 
His gait was unsteady. persuaded him walk without stick, but 
needed all his attention and the moral support the observer assured did 
not fall. His gait was like that his father, Gottlieb (No. 5), but less affected. 
Walking wide base each foot was lifted noticeably high and shook. slightly 
before was planted firmly the ground. Walking was very little worse with the 


eyes closed. 
had tremor and gross ataxia the arms ordinary. movements. 


watched him undress and dress; his movements doing were noticeably 


slow and slightly clumsy. His writing was remarkably good. 

There appeared some diminished translucency the lens early cataract), 
but the fundi oculi were quite normal. was presbyopic. 

Cranial nerves: The eyes gave few nystagmoid jerks lateral deviation, but 
there was true nystagmus. 

The the other cranial nerves were normal. 

Motor: There was muscular wasting; power was good the arms, legs, 
and abdomen, and equal the two sides. There was muscular 
hypotonia, hypertonia, cog-wheel effect. 

Co-ordination: the finger-nose test there was slight hesitancy the finger 
reached the nose, and slight but definite effect with the right fore- 
finger the nose and possibly with the left fore-finger. The heel-knee-shin test 
was executed grossly ataxic manner, each leg turn waving wildly before 
settled the opposite knee. The heel was then shakily pushed down the shin. 
This ataxia was more noticeable the right leg. performed this test almost 
badly his father did. asked touch the finger with the 


great toe, did slightly shaky manner, but this movement was 


performed when the knee was the extended position than when was flexed. 
Fixation the joint the extended position appeared diminish the effects 
the ataxia some degree. 

All superficial and deep reflexes were present and normal. The knee- 
jerks did not exhibit the pendulum phenomenon. 

Sensory: defect sensation was observed. 

There was evidence any joint disease clinical examination, 
attention was paid this point view his complaint stiffness. 

There was evidence cardiovascular disease. B.P. 140/80. 

abnormality detected the urine. 

All other systems appeared normal. 

Comment.—This subject was particularly interesting, represented transi- 
tion stage between Elizabeth (No. 12), Lillian (No. 15), Elsie (No. the one 
hand, and Wilhelm (No. and Gottlieb (No. the other. Secondly, there was 
the striking similarity between the subject and his father Gottlieb (No. 5). 
Thirdly, exhibited something which has not been observed any other member 
the that the rhythmic tremor and the abnormal posture his head. 
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No. 12.—Elizabeth Aged 48. domestic. Was and 

She was first seen 1936, when the age she complained that she had 
for several months past noticed that she was becoming clumsy. She often 
shaky her writing carrying trays, sewing and typing. Her legs were unsteady 
times, especially going stairs, and she noficed that she needed take care 

articulating her words, which seemed, she said, run into one another.” 

She had had trouble swallowing. 

Examination 1936 revealed disturbance and speech. There 
was deliberateness about the individual component movements her gait, and 
when asked walk briskly this became more noticeable. There was impairment 
the natural spring normal gait. However, she was not definitely unsteady. 

Her speech exhibited clipping some words and tendency slur words and 
syllables. 

few nystagmoid jerks were observed ocular deviation either side, but 
that time there was definite nystagmus. 

The finger-nose test and heel-knee-shin test were reasonably well performed. 

The subject has been under our observation for more than three years. 

Her principal complaints during this period were chronic nasal catarrh and 
pain due spondylitis. 

Until the earlier part 1939 she made little complaint about her 
unsteadiness her speech. was, however, noticeable the close observer that 
these were slowly deteriorating. During 1939 there was more definite deterioration. 
Her speech became difficult follow times, especially when under stress. was 
never quite now. She became more unsteady her gait, but this too was 
subject variation. was noticeable, however, 1939 that the ataxia the 
lower limbs, spite its variability, was always definite. The ataxia her arms 
did not seem constantly present, and often could not demonstrated. 
experienced when her back, when she tilted her head 
back, when she looked up. She had sense even amounting 
slight pain the head when she looked and to.the right. Irregular nystagmoid 
movements were present and fairly well sustained when she looked the left, 
but not looking the right. Apart from the disturbance co-ordination 
referred to, were unable demonstrate any abnormality whatever the 
central nervous system, and apart from the early spondylitic changes already referred 
(radiologically confirmed), she shows evidence any organic disease her 
other systems. 

The most striking fact that while she undoubtedly the subject pro-. 
gressive disease, the changes have been slight during the period our observa- 
tions her (now over three that only close observation could recognize them. 

No. 13.—Gertrud: Aged 36. Children’s nurse. This subject has been examined 
us, and has been under our occasional observation since 1937. She was apparently 
unaffected when last seen July, 1940. 

No. 14.—Ernest: Died the age sunstroke. 

patient has been particular interest.to because she was the first member 
the family seen, and secondly because while under our observation she ex- 
hibited defect except disturbance speech. 

1936, the age 35, she was referred surgical colleague the grounds 
that she had lost weight, was nervous, &c., and was thought her doctor that 
she might the subject hyperthyroidism. Our colleague noticed that her 
speech did not appear normal and referred her one (B. H.) for further 
review. 
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Most her symptoms that time were irrelevant this discussion. She had 
retroversion the uterus following childbirth and chronic pelvic infection. 

About twelve months previously, early stage her last pregnancy she 
had noticed some giddiness which she described sense and 
more recently sister had remarked upon disturbance her speech. She had had 
three other children and had suffered with migraine for many years. 

Examination revealed nervous and poorly nourished woman. 

Her voice had nasal intonation, lacked the usual variations pitch, and she 
ran syllables and words into one another (e.g. instead modern). 

Examination the central nervous system failed reveal any definite abnor- 
mality. the ordinary tests co- movement the arms and legs 
appeared normal. 

She had intention tremor and disturbance her gait, though once 
twice thought she was little unsteady when she turned walking; this, however, 
was certainly not more than one might see any patient undernourished and 
poor general health. 

The superficial and deep reflexes, sensation and the function her cranial 
nerves were normal. 

Looking back this subject and having mind the possibility early 
cerebellar affection, feel that would not have been possible have decided 
definitely the time when saw her whether the giddiness was early mani- 
festation the affection, whether (as thought more likely) was due her 
poor state health. When this subject’s sister passed the remark previously men- 
tioned, suppose she will the way the rest our family go,” decided that 
her condition should further investigated. The cerebrospinal fluid was under 
normal pressure and was all cytological and biochemical respects normal. The 
Wassermann reaction the fluid and the blood was negative. The basal meta- 
bolic rate was minus per cent. The visual fields were normal. 

Re-examination her nervous system revealed change. 

Under treatment her general condition and other complaints the patient 
improved, and subsequently returned country district. Unfortunately 
that time have not had any further opportunity examining her. Information 
from her sisters, however (Nos. seems indicate that she slowly 
following the course other members her family, and her family practitioner 
writes that her condition has definitely progressed. stated that her speech 
now bad, and that she has become much more unsteady her walking. 

have not received any information whether she has dysphagia. She 
suffered from dysphagia she was seen us, but she was that time 
the subject hypochromic and the dysphagia disappeared during the 
treatment for this condition, evidently was unrelated the family disease. 


She volunteered for examination our suggestion. 

She stated that apart from some stiffness her knees times, which never 
interfered with her walking, she had disabilities ‘ailments. 

were unable find any evidence affection the central nervous system, 
but were not completely satisfied that her speech was normal. The abnormality, 
any, was insignificant the time examination, that neither would 
prepared say that anything more than mannerism. mention the 
matter because was the one single point suggesting that, 1940 least, 
any member this section the family was affected. 

No. N.: Aged 40. Salesman. There was nothing the history 
examination any way suggestive. 
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No. 18.—Pearl (Mrs. Aged 37. Housewife. There nothing the 
history examination any way 

Nos. 35.—These are the children. number have been examined 
us, and careful inquiries made about all them. Unfortunately were unable 
see the only one who might possibly showing signs the affection. 
No. 24, Athol, who, according his parents, sometimes slurs his speech ‘when 
excited, and the words his mother something like his 
Apparently there are other suspicious features. affected, certainly 


summarizing the symptoms this family certain points 
the age symptoms any these cases, though far Elsie, 
Meta, Elizabeth and Lillian are concerned, can determine approxi- 
mately. From the figures available the average onset was 44. the 
earlier generation, Nos. and the age onset appears later than 
does the next generation, Nos. 11; and 15; the average age 
onset this generation just under 40, whereas the age onset the 
earlier generation appears the middle fifties. this phenomenon 
earlier appearances the disease successive generations course 
well recognized, would interesting notice whether the chiidren 
(Nos. 35) will exhibit the disease still earlier age. The only 
suggestion this respect No. 24, whom have not seen. 

The initial symptoms always seem have been disturbance gait 
was definitely the first symptom. two the disturbance speech, while 
the remaining two disturbance gait and speech occurred more 
less the same time. the earlier generation, Nos. there seems 
gap some years between the onset disturbance gait and 
that speech disturbance. the next generation, however, disturbance 
gait and speech, even when they appeared separately, tend coming 
closer together. 

striking feature Nos. and was the disproportionate 
degree ataxia the upper and lower limbs. This most striking 
Nos. and 11, but even much earlier stage the affliction, 
No. 12, the disproportion quite evident. From available 
obtained recently, believe that similar phenomenon was evident 

There seems have been fairly definite evidence disturbance 
deglutition. Nos. and the evidence this fairly No. 

would appear that the disease has effect longevity. No. 
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suffered from the disease for about twenty-three years before died 
the age 80. No. had suffered for twenty-five years before reaching 
years, which age was still alive. No. suffered from the disease 
for many years before her death.” No. also reached 60. the next 
generation all members are alive; and with the exception No. whom 
have not had the opportunity seeing,.we can say that none them 
presents any feature which would suggest early demise. 

Most the cases present remarkably similar and distinctive picture. 
must except from this, however, Wilhelm (No. 4), whose symptoms 
when saw him were complicated athetosis and inanition. There 
seems little doubt, however, that earlier stage Wilhelm 
the family picture (vide Dr. Herz’ notes). 

The similarity between No. and No. remarkable, and any- 
one who has had the opportunity seeing this disease there difficulty 
observing the points similarity between these cases and and 
15, whom have also seen. Apparently No. the pattern. 

Nystagmus seems appear sooner later. was definite and well 
marked Nos. and was observed No. and not definite No. 11. 
Unilateral nystagmus made its appearance No. during our periods 
-of observation, but was not No. 15. Probably always develops 
sooner later. 

Gordon Holmes has referred his article the comparative absence 
hair the face, chest, axillz pubes, and under-development 
the external genitalia. his cases these may have been another feature 
peculiar that family, for none the subjects have examined 
has there been any deviation from normal distribution quality hair, 
nor have observed any abnormal development the 
external 

No. 4.a large cholesterol gall-stone was found dutopsy. No. 
there’ history attack jaundice associated with pain (said 
the doctor who saw the patient that time due gall-stones), and 
No. there has recently occurred very definite attack acute 
cholecystitis, present under investigation. Whether not the associa- 
tion any significance course not known. 

three patients, Nos. and has been evidence 
hypochromic 

Although was early recognized that the complaint stiffness 
the joints,” common this family, was due not primary joint disease 
but neurological complaint, have none the less carefully examined 
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our subjects for evidence joint disease. No. there definite 
clinical and radiological evidence spondylitis, but not responsible 
for any major symptoms present, while the only other member the 
family who exhibits any suggestion arthritis, No. 17, not affected, 
far can say, the neurological disease. 

have had difficulty assuring ourselves that there little likeli- 
hood that subjects Nos. and (whom have not seen) have truly 
been affected the neurological disease, and have not been the subjects 
any familial joint dystrophy. 

The only other deviation from the basic and characteristic neurological 
picture was subject No. 11, who presented slight postural disturbance 
his head, rhythmic tremor the head, and fixity facial expression, 
suggesting Parkinsonism. 

The possibility hyperthyroidism two cases reminded that 
one Gordon Holmes’ cases there was however, one 
our two cases were satisfied that there was disturbance thyroid 
function, whilst the other, careful analysis the history suggests 
the most possible toxic and transient disturbance the thyroid only, 
and not true Graves’ disease. 

evident that our cases are closely similar those seen Holmes, 
and apart from the support received from the histological findings, 
feel confident that the disease this family all essentials the same 
the disease the family described him. 


(9) (19) Jean. 
(H. (20) Laurel. 


(3) Maria* 
(10) Alfred. (21) Cyril. 
(!) Christian N. Zeberth) (11) Rudolph.t (22) Roy. 
(5) Gottleib = 
(2) Maria L. (te i Gertrud. (24) Athol. 
lermandin 
Zebarth). Ernest. (25) Lola. 


(26) Marie. 
(6) Freidrich Lillian ¢ (27) Ira. 
x x (28) Norman. 
(Maria Zebarth). (J. Schlinke) (29) Clarence. 
(30) Baby. 
(7) Emma.* 
(16) Norman. (31) Victor ? 
(32) Clive, 
Selina. 
Michael Z. 11 children, of whom 3 (18) Pearl. 
daughters married 3 
x brothers Niedeck. (34) Son, 
All the children of this 
Anna Elizabeth R. family were unaffected (35) Son. 
by this disease. 
BRAIN—VOL. LXIV. 
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The brain Wilhelm was received our laboratory after had 
been some time per cent. formalin. had been slightly distorted 
during removal and subsequent fixation. 

Naked-eye examination—The brain was the small side and 
appeared definitely sclerotic. The pia-arachnoid was little more adherent 
than usual, the gyri smaller, the sulci little wider, and there were ather- 
omatous patches many the arteries, but these were not 
comparing the folia any part the cerebellum with those more 
normal brain, there was doubt that the individual gyri had more 
spade-like shape, and thus the folia themselves seemed less compact and 
looser arrangement. The whole cerebellum was smaller than usual, 
but special atrophy could pointed out. The dentate nucleus seemed 
thinner outline, but this appearance sometimes encountered. The 
mid-brain, pons and medulla appeared the small side. There were 
ependymal granulations. spinal cord was included, but the lowest 
level the medulla just above the pyramidal decussation appeared 
normal. sectioning the cerebrum, the only sclerotic patch noted was 
small area about centimetre wide the occipital region, revealing 
discoloration and minute hemorrhages. The whole brain was not unduly 
sclerotic for man aged 80. 

Methods photographing the cerebellar folia 
the brain was sectioned after our usual technique. Pieces were removed 
from the frontal and occipital poles, the Rolandic area, caudate and lenticu- 
lar nuclei, optic thalamus, hippocampus, cerebral peduncles including red 
nuclei and substantia nigra, the pons, least four levels medulla, 
extra parts for the superior cerebellar connections, the dentate nucleus 
and cerebellar cortex. Afterwards sections were also procured from the 
superior and inferior vermis, the flocculus and many other parts both 
hemispheres. These were cut paraffin and stained with hematoxylin 
and eosin. was expected, excess pigment was always present, 
but the same time many neurones. which appeared unhealthy 
and eosin, proved with Pal’s stain frozen sections have 
quite good myelinated processes. Pial and glial proliferations also showed 
up. The pontine neurones, and those from the medulla, including those 
nearest the spinal cord, the dentate nucleus, and the various other 
regions mentioned, were the main complete regards cell structure. 
exception must made few areas the medulla little 
groups mononuclear and neuroglial cells, which proved reactions 
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obliterated arterioles petechial Here some neurones 
were undoubtedly lost degenerated. The cerebellar pia was also 
thickened well that over the posterior aspect the medulla, and 
both these places showed definite and unusual glial hypertrophy. But 
these preparations also revealed widespread and wholesale degeneration 
particular systems neurones, viz. the Purkinje cells the cerebellum 
well those the inferior olives lesser degree. Special glial 
reactions were also seen accompany these. 

The following additional preparations were therefore now made. 
stain was applied all these paraffin sections for better neurone and glial 
and rod-cell definition. some the sections methyl blue, alizarine 
and sudan were applied for revealing glial framework and lipoid pheno- 
mena. Certain myelin staining methods, such Weil’s, Mallory’s 
phospho-tungstic hamatoxylin, and others which permit being used 
paraffin sections, were also found give most useful corroboration 
conditions afterwards demonstrated the more usual frozen Weigert- 
Pal preparations. These were applied the cortex, brain-stem, pons, 
medulla and cerebellum. Frozen sections were now made and treated 
myelin stains; Cajal-Ziehen for neuroglia; von Braunmuhl’s silver 
method for senile plaques and mesoblastic reactions; Bielschowsky’s for 
axis cylinders and, most useful all, Cajal’s silver method for frozen 
sections, but untoned because this process permits the body the Purkinje 
cell stand out bright orange the black baskets the basket neurones. 
Van Gieson’s stain was also used Pal sections. 


The Main Pathological Findings Specific Nature. 


The arteriosclerotic factor having been evaluated and its lesions noted 
being especially patchy and irregular nature, there remain certain 
special neuronic degenerations and neuroglial reactions brought out 
the special methods just enumerated. Von method revealed 
innumerable senile plaques all through the cerebral cortex, but especially 
the hippocampus where indeed they were faintly indicated other 
stains. This common finding senile brains. stain also 
showed dense encircling perivascular neuroglia round medium vessels 
especially the white matter the cerebellum. This though mentioned 
occurring various cerebellar diseases probably senile nature. 
fortuitous silver reaction showed subpial gliosis the cerebellum where 
such neuroglial proliferation rare. 

every part the cerebellum examined the microscopical picture 
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revealed complete and wholesale absence healthy Purkinje cells with 
antlers plumes. place these, the low power revealed horizontal 
layer apparently devoid structure, and above this the proliferated 
and hypertrophied Bergmann neuroglial cells with their vertical pro- 
cesses forming sort brushwork. (Some deny that there any hyper- 
trophy but merely bringing Bergmann’s cells into greater prominence 
the disappearance the Purkinje cells.) Using the high power, here 
and there may noted the place Purkinje cells, but perhaps little 
deeper, undifferentiated fragments pigment about tenth the size 
Purkinje cell and presumably the remains them. all the hundreds 
sections examined only one two plumes were noted and swollen 
axis cylinders torpedoes. difference could made out between 
paleo- and neo-cerebellum this matter. Pal preparations while revealing 
myelinated fibres the usual manner did not any way add the 
conspicuousness these Purkinje squibs. However, frozen sections stained 
and mounted Feyrter’s tartaric acid-thionin solution revealed even more 
these fragments seen well the neurones the olives but without 
adding their definition. 


examinirg Bielschowsky and untoned Cajal preparations these 
parts the centripetal fibres the cerebellar cortex were readily made out, 
while the basket cell system showed remarkable manner, being even 
revealed hematoxylin and eosin, and perhaps denoting slight swelling 
the fibres. However, very few instances could one find Purkinje 
body nestling these baskets. This combination findings termed 
the “centrifugal” type cerebellar degeneration which also 
good preservation the parallel fibres found. This picture said 
found hereditary types cerebellar degenerations. The granular 
layer was well preserved. loss substance degenerations could 
made out it. Innumerable fibres, presumably mossy and climbing, 
could traced the molecular layer. Myelinated fibres were abund- 
ance. the dentate nucleus sensible diminution myelinated fibres 
was observed rule, though the banded structure holding them might 
have been narrower. While the neurones exhibited much pigmentation, 
yet thicker silver and Pal slides revealed complete cellular structure and 
plenty myelinated fibres axones surrounding them occupying 
their hilum. 


has been stated, Pal sections the brain-stem from peduncle 
lower medulla revealed relatively good preservation, the staining view 
the patient’s age being excellent. However, Pal section about 
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the middle the olive revealed remarkable paucity the fibres belong- 
ing the olivo-cerebellar system. This was very evident when the 
accessory olive was examined, few fibres were noted crossing it. The 
thalamo-olivary fibres and the cells and fibres the external arcuate 
system the other hand seemed good order. The inner aspect 
the restiform body was perhaps rather pale. But the most outstanding 
feature the medulla was the almost complete absence healthy neurones 
the olive, and neurones there any kind were scarce. These could 
distinguished from the hypertrophied glial cells, which rivalled them 
size, the halo cedema surrounding them. Stained Mallory, the 
purple-coloured hypertrophied neuroglial fibres made the olives outstand- 
ing, and Pal stains showed serious diminution myelin their hilum. 
These factors made the anterior half the medulla look smaller than 
normal. 

Both paleo- and neo-olive seemed alike their reactions. the 
negative side has been stressed the normal state the myelinated tracts 
the upper end the spinal cord, the greater part the inferior cere- 
bellar peduncle, the pons and middle cerebellar peduncle, the superior 
peduncles and tracts proceeding downwards from the brain-stem and 


apparently nearly all cerebellopetal fibres, well those the olive and 
the intrinsic cerebellar nuclei far they were examined. Thus the 
main and wholesale destruction neurones was confined the cerebellar 
cortex and the olives and their axons. 


family many individuals has been studied running into three 
four generations. number these has developed, often the 
same age, very similar clinical phenomena which generally include marked 
ataxia the lower limbs and speech difficulties, which progress slowly 
relative helplessness and which seem accompanied special 
sensory disturbances whatever. They show relatively late muscular wast- 
ing which compatible with extreme old age. One such case has come 
post-mortem examination, and the findings seem indicate remark- 
ably pure form chronic cortical parenchymatous atrophy the Purkinje 
neurones the cerebellar cortex with secondary involvement the 
olivary neurones, the whole picture with its familial and hereditary quali- 
fications resembling Holmes’ familial cerebellar atrophy. 
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LEGENDS PLATES. 


Fic. 1.—Formalin fixed slices the cerebellum from this case and one from 
case The larger shows shrinkage the folia. 

Fic. 2.—Weigert-Pal section medulla. There absence olive cells 
and diminution the olivary cerebellar fibres, with better preservation the 
thalamo-olivary fibres. 

Fic. 3.—Section the olive showing very few neurones normal size and great 
loss neurones. 

Fic. 4.—Loss most the Purkinje cells and shrinkage the few that are 
left, making the Bergmann layer neuroglial cells more prominent. 

Fic. 5.—The only place one could find three Purkinje cells together dozens 
sections cut. 

Fic. 6.—Neideck (silver stain). Baskets and plenty horizontal fibres—no 
Purkinje cells the baskets. 

Fic. Plenty empty baskets—no Purkinje cells. Vertical fibres 
the molecular layer. 
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Science and New Light Epilepsy and Migraine. 
Lennox. London and New York: Harper and Brothers. 1941. Pp. 258. 
Price dollars. 


Dr. Lennox dedicates his book “to those who, spite seizures, are working 
together common end, the end epilepsy and migraine.” This dedication 
and the popular language the book make clear that intended primarily 
for the layman, the epileptic layman particular, but contains much that will 
interest the general practitioner and should help him dealing with his 
epileptic patients. 

Epilepsy defined disturbance the rate pulsation the electrical 
waves the brain, written ink for any layman the encephalogram, 
statement not strictly harmony with another elsewhere the book where the 
difficulties the interpretation the electro-encephalogram are stressed. 

possible, also, that the relationship between epilepsy and migraine over- 
stressed, and that there are dangers putting detailed statement the hands 
the epileptic subject. 

Epilepsy discussed all its aspects, historical, social, clinical and therapeutic, 
and the reader provided with clearly written summary modern knowledge 
and views. 

Possibly, the least satisfactory chapter that dealing with the prevention and 
epilepsy and migraine eugenic means. 

Even accept the view that the fundamental disorder epilepsy 
electrical cortical dysrhythmia, there are reasons for thinking that the universal 
adoption premarital electro-encephalography epileptic and migrainous subjects 
and the relatives such subjects hardly likely prove either effective 
popular means breeding these maladies out the race. For, the author 
remarks, even “for normal persons life venture; children are gamble. The 
chance having offspring with seizures may one one case, and one 
1,000 another,” while there are very many other human maladies which 
hereditary factors appear. Therefore, marriage between two persons whose brain 
waves” meet with the electro-encephalographist’s complete approval remains the 
same delightful and attractive lottery has always been, and recipe for 
happiness for healthy family. Not even the most eugenically minded 
doctor this country likely the the strength anything 
the electro-encephalogram has tell him, nor, fortunately, are many impending 
Benedicks brides likely heed him does. 


Foundations Neuropsychiatry. Coss. Baltimore: Williams 
and Wilkins Co. 2nd revised and enlarged edition. Pp. 231. 
Price dollars. 


Neurologists will welcome under its new title this second edition Cobb’s 
the book more adequately indicated its new name, which may hope will 
serve attract the attention psychologists and psychiatrists, and may lead them 
take greater and more informed interest the organ mind than some- 
times displayed their writings. the neurologist, also, this philosophical 
synthesis the psychological and physiological aspects his subject will serve 
valuable stimulus thought. 

The book does not lend itself summary, since essence concise state- 
ment general principles. There part that will not repay careful study, 
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but especial interest are the chapters dealing with functional localization the 
cerebral cortex, consciousness and the body-mind problem, the cerebral circulation 
and psychopathology. one the most interesting works the field with 
which deals that has appeared for many years, and its author congratulated 
its production. 


Lectures War Neuroses. Ross. London: Edward Arnold 
and Co. 1941. Pp. 113. Price 6s. 6d. 


This posthumously published work has the clarity expression and sanity 
thought his readers learned expect from Dr. Ross. The soundness the 
generalizations given apply neuroses other than those ensuing upon war con- 
ditions, and every practitioner medicine would the better for careful study 
this book. abounds that sense that the essential soil for the 
healthy growth all views upon the genesis and treatment the neuroses. Thus 
stressing the role early environment upon the development neurosis, the 
author emphasizes the dangers that may follow the slavish following unsound 
rules hygiene once becomes impossible—as may well happen under the con- 
ditions military service—to follow them any longer. Not less fraught with ill 
consequences the common medical tendency give local habitation the body 
neurotic symptom, and treat though some local structural lesion, 
physiological disorder was present. 

those who have followed Ross’s teaching, the reading his lectures will 
welcome retreading familiar paths thought, while those who have not, 
will reveal that there behind the dust and clamour the schools psychological 
dogma medical psychology and psychotherapy within the reach every interested 
practitioner medicine, and one that will not affront his common sense nor place 
intolerable strain upon his powers credence. hoped that these 
lectures will gain wide public. 


The Therapy the Neuroses and Psychoses. London: 
Henry Kimpton, 1941. Price 25s. 


This book pupil Adolf Meyer, who contributes foreword, has its sub- 
title socio-psycho-biologic synthesis,” and does indeed deal with its subject 
the comprehensive and balanced manner indicated the subtitle. 
thoughtful and eminently sane account the treatment the neuroses and 
psychoses that will make special appeal those who view these disorders upon 
that essential background sociology and biology which alone they can 
understood and fruitfully 

bears everywhere the mark clear and independent thought and deep 
insight into human personality. 

opens with classification psychiatric states and discussion the relative 
roles reason and feeling tone the development personality. The funda- 
mental psychology the neuroses then considered, laying stress—as might 
expected pupil Adolf Meyer—upon socio-biological factors. Psychoneurotic 
symptoms terms psychological and autonomic factors, and the role sex 
drives are considered with common sense and insight. The principles and methods 
psychotherapy are critically discussed. The psychoses are similarly dealt with and 
final chapter consists critical study the various schools psycho-analytic 
theory. 

The author congratulated upon most excellent manual that stands out 
from the drab level plagiarism and uncritical exposition characteristic 
much literature the subject. The neurologist will read this book with enjoyment 
and with profit. 
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